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I. INTRODUCTION

Purpose and Scope

The purpose of this report and the accompanying geologic and
groundwater maps is to provide information on the geology, soils and

groundwater resources of the study area.

The study area extends throughout the Washington State portion

3
:E
3
E

of the Spokane River Basin and consists of approximately 2,300 square
miles of mountains, valleys and plateaus in the east-central portion of
the State. Parts of Spokane, Stevens, Lincoln, Pend Oreille, and Whitman

Counties are included. Particular attention is focused on the urban

planning area centered on the City of Spokane, an area which occupies
about 11 percent of the total study area.

A primary objective of this task is the preparation of general
geology and groundwater maps at 1:250,000 scale (approximately 1 inch
equal to 4 miles) to show in generalized form the gross geologic and
groundwater features of the entire study area. This level of detail is
appropriate for the portions of the study area lying outside the urban
planning area. The needs of the study call for a more detailed analysis
and presentation of information descriptive of the urban area. To
achieve this, mapping of near-surface geology, soil characteristics and
groundwater features at a scale of 1:24,000 (approximately 1 inch equal
to 2006 feet) is presented for this area. The maps are supplemented by

text and appendices. The text describes the history arnd present day

features of the area in terms of geology, soils and groundwater., Spe-
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cial attention is given to those features which are significant to

wai{ .r and wastewater management.

Method of Study

Research within the study area was based upon a review of
available geology, soils and groundwater data gathered in the past by
a number of independent 1nvestigat;ra. The map sets represent a compi-
lation of these separate efforts, supplemented by imited field recon-
naissance. Aerial photographs, used as stereo-pairsg, provided supple-
mental data for the delineation of soil and rock boundaries in unmapped
and poorly defined areas. Subsurface explorations, detailed field map-
ping or testing of subsurface materials were not performed as part of
this study.

Preparation of Maps. The information compiled is presented

in a series of maps, Plates 303-1 through 35. Of these, two cover the
entire study area, showing respectively general geology and groundwater
resources. The remaining plates contain detailed coverage of the Spo-
kane urban planning area. Four series of plates are used to present
information on each of eight mapping subareas forming the urban area,
and one plate presents a legend of terms used on the engineering geo-
logy maps.

Background mapping of the urban planning area was prepared
at the 1:24,000 scale from the following U.S. Geological Survey quad-

rangle maps,

303-2




1. Spokane N.E. == 1:24,000
2. Spokane N.W. -~ 1:24,000
3. Spokane S.E. -= 1:24,000
4., Spokane S.V. -~ 1:24,000
5. Airway Heights -- 1:24,000
6. Greenacres -~ 1:62,500
7. Mt. Spokane -- 1:62,500
8. Deer Park - 1:62,500
9. Clayton -- 1:62,500

The area immediately west of the Spokane River between the
Hangman Creek confluenc; and the Little Spokane River confluence is not
included in the large scale mapping. This stretch of river follows a
natural geological boundary. The area west of the river is in the Colum-
bia Plateau region and is adequately covered under the small-scale study
area geology mapping.

The mapping of engineering geology features, Plates 303~3
through 303-11, shows the near-surface distributions and types of earth
materials based on their composition and texture. Due to the nature of
the source materials, the maps include reference to genetic or bedrock
geology in addition to the exposed surface materials, and permit inter-
pretation for purposes assoclated with engineering planning.

Two sets of maps, Plates 303-12 tol9 and Plates 303-20 to 27
respectively, are presented which show the relative permeability of soils
at gsurface depths to three feet and near-surface depths three to five
feet. The purpose of these maps is to illustrate the relative ability of
the soils to permit the passage of water and, in conjunction with the
other map sets, to assist in the evaluation of potential problems concern-
ing drain fields, waste disposal, groundwater contamination, runoff, or
other related concerns.

Plates 303-28 through 35 define the subterranean aquifers in the

303-3
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Spokane Valley plaing, the terraced valley below Spokane Falls, the

Hillyard Trough, and the lower valley of the Little Spokane River.
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Contours of the average groundwater surface elevation are also shown

in these areas., Groundwater sources in the peripheral portions of the
urban area are mostly minor and, because of map scale limitations, can-
not be shown on the groundwater map., These areas are, however, described

in the groundwater section of this text.

Sources of Information

Principal sources which were used in compiling geological and
groundwater data are described below. Refer to the List of References.

General Geology of Study Area. When available, the principal

source of information is the series of U.S. Geological Survey maps.

These are supplemented by General Soils Maps prepared by the U.S. Soil

Conservation Service, covering Spokane, Stevens, Lincoln and Pend Oreille

b

Counties. U.S. Soil Conservation Service (SCS) mapping is the primary

source for areas where geological maps are not available. Soil maps, as

i

exemplified by S.C.S. maps, and geological maps, as prepared by 11.S.G.S.,
are made for different purposes and often have different interpretations
for similar features, Where these differences occur in the reference maps,
an interpretation is made which best fits the needs of this study.

The published reports and maps of previous geological investiga-
tions used as reference material included a reconnaissance map by Griggs
(1966) and maps and reports by Becraft and Weiss (1963), Cline (1969) and

Flint (1936). Reports of many previous investigations of the Pleistocene ¢

Y e
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glacial history, the Latah and Palouse Formations, clay resource studies,

)

and private well and test logs, ‘are used to develop and confirm map data.

Engineering Geology. Large-scale (1:24,000) mapping of near-

surface soil classification and drainage characteristics (permeability)

in the urban area are based primarily on information from previous geologic
and soils mapping. Modifications are made as necessary to suit the engin-
eering criteria of the project maps. These data are supplemented by air-
photo interpretation and limited field reconnaissance.

Previous geologic mapping in the area included the 1:125,000
scale reconnaissance geologic map of the west half of the Spokane quadran-
gle by Griggs (1966); a map by Cline (1969), in which a portion of the
Griggs map was modified to separate certain deposits on the basis of lith-
ology rather than age; and a 1:62,500 scale geologic map of the Greenacres
quadrangle by Weis (1968). U.S. Soil Conservation Service maps of Spokane
County by Donaldson and Gilese (1968) provided data on soil classification
and provided assistance in delineation of soil boundaries.

Where possible, formation contacts were drawn on stereo paired
air photos. These were checked and completed in the field, where soils
classifications were also verified on the basis of available exposures.
The boundaries were then transferred to the bage map via mylar tracings of

the photo maps. In areas that had been previously mapped by others, checks
were again made on the boundaries. Since the previous investigations were
intended to show somewhat different features than the project maps, some

modifications and interpretations were necesgsary.

In areas where drill log, test pit or other pertinent information

303-5
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had been previously gathered, further checks were made. In inaccessible
mountainous areas, reliance was chiefly upon air photos and previous
investigations. XNo test pits or borings were made during this study.

Information from previous studies on soil permeability as re-
lated to grain size, together with information from Spokane County soils
maps, provided basic data for the drainage maps.

" Groundwater. Information on the groundwater potential of the
study area is known in part by published information, hut is primarily de-
rived from a general knowledge of regional groundwater conditions and the
water bearing characteristics of the various soils and rocks of the study
area. Specific sources of historical information are referenced in the
text. Water level records from selected wells were used to piot groundwa-

ter contours of the aquifers on the maps,

Limitations

As soil and rock formations vary considerably over both vertical
and horizontal distances, boundaries indicated on the accompanying maps
delineate the predominant soll or rock present in a given area. There may,
of course, be several different types of soil or rock in lesser quantities
within each boundary. Also, the origin of the materials within each toun-
dary may vary locally from that shown. Furthermore, horizontal changes in
soll types are often gradual; therefore, boundaries are dravm at what is
considered to be midway between one soil type and another.

Because the reliability of existing available data varies and in

some aspects is entirely lacking, the results presented herein reflect con-
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siderable experienced judgment. The maps and accompanying discussions

are not intended to preclude the need for detailed explorations and stu-

dy in specific areas, but only to provide a sound basis for overall

management planning.

Professional Services

This entire section on geology and groundwater of the study
area was prepared by geologists and groundwater specialists on the sts? <

of Shannon & Wilson, Inc., Geotechnical Consultants. ~
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II. REGIONAL GEOLOGY AND GROUNDWATER

Geologic Setting

Topography. The Spokane River Basin as a complete hydrologic
unit is a roughly elliptically shaped drainage area lying within north-
ern Idaho and northeastern Washington. The total area of the basin is
approximately 6,600 square miles. About 2,400 square miles of this lies
within the State of Washington, and constitutes the study area. The
study area's topography is dominated by the broad east-west trending
Spokane Valley in Washington which becomes the Rathdrum Prairie in Idaho.
The valley is flanked on the north and south by mountains, plateaus and
tributary valleys. These gravelly valley plains slope gently west from
mountain valleys in Idaho to the basalt ledges at Spokane Falls. Dowm
valley from Spokane Falls, the valley plains continue only as remnant
terraces along the sides of the entrenched course of the Spokane River,
which follows a 60-mile canyoned course to its confluence with the Colum-
bia River. Along its course, the Spokane River 1s fed by a number of
tributaries, notably the Little Spokane River, Hangman (Latah) Creek and
Chamokane Creek. Numerous small streams, some of them intermittent, feed
into these tributaries from the highlands and plateaus.

The topography of the basin varies, from predominantly mountain-
oua in the northern and eastern pertions to rolling plains south of the
Spokane River and west of Hangman Creek. The plains are a portion of the
over 100,000 square mile Columbia Plateau. This plateau is formed of many

horizontal lava flows of basalt and is thinly covered in places with low
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hills of wind-blown silt (loess) and, in other places with glacial and
flood outwash sand and gravel. North of the Spokane River Valley, rem-
nants of the Columbia Basalt flows have formed Five-Mile, Orchard, Plea-
sant, Peone and Manito Prairies and Orchard and Green Bluffs., Each of
these has a veneer deposit of reworked loess covering the basalt capping.,
Remnants of old granite mountains protiude through the basalt flows and
loess south and west of the Spokane Valley.

The region generally north of the Spokane Riveé is composed of
the Okanogan bedrock highlands on the west and the Selkirk bedrock high-
lands to the east. The two highlaud areas are separated by the Deer Park
Basin and the Little Spokane River valley. The highlands are subdued,
mature north-south trending mountain ranges modified by glaciation. Maxi-
mum relief in the highland provinces is on the order of 4,500 feet, with
local relief of about 500 to 700 feet. Elevation extremes range from
1,289 feet M.S.L. at Lake Roosevelt in the Columbia River Gorge to 5,878
feet M.S.L. on Mount Spokane.

One striking difference between the Columbia Plateau and the
Okanogan-Selkirk Highlands is the character of the valleys. The basalt
nlateau south of the Spokane River has a gentle southward slope but drops

abruptly northward at the Plateau edge causing the valleys tributary to

the Spokane River to be short in length and high in gradient. These valleys

are generally narrow, having been carved by limited seasonal runoff and
rimrock spring flow. The topographic characteristics at the plateau edge
reveal sharp breakoff slopes dissected by steep, narrow valleys. The

valleys are separated by broad, relatively flat plateau segments.
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Northward across the Spokane River in the granitic and metamor-
phic rocks of the Okanogan-Selkirk Highlande, the valleys are genarally

broad, rather flat bottomed, and are formed between relatively nar: nw,

.north~south trending mountain ranges. The reasons for the differences in

the topography north and south of the Spokane River are twofold. The
Columbia Plateau basalt flows reached their northward extent against the
highlands, and also the southward exteut of the Pleistocene glacjiustion
was near the present Spokane River G:rge. Therefore, glaciation helped
shape the valleys north of the river, but had little effect on the plateau
area.

Differences in the topography of these two areas are reflecte:l
in differences in drainage and groundwater conditions. Surface drainage
near the plateau edge is locally poor where natural drainage channels are
not well established. Ponding of water is evident in small irregular
basalt basins and in shallow loess pockets. However, in areas where lozss
cover is significant and where natural channels lead surface water to the
tributary valleys, drainage is good. The drainage in the Okanogan-Selkirk
highlands is generally well established along south and southwest flowing
tributaries to the Spokane River. Some ponding occurs, however, in some
valleys where glacial outwash or till deposits dammed up surface drainage
and formed small swamps or lakes.

Other physiographic sub-divisions of the study area include the
Little Spokane-Deer Park Basin, the Hangman Creek valley and the Chamokane
Creek valley. Numerous natural lakes dot the basin, with Mewman, Liberty,

Eloika and Diamond Lakes being among the largest. These lakes are mostly
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land-locked and are dammed by glacial lake, outwash, or till deposits.
Other small lakes and ponds scattered over the plateau area are generally
basins in the plateau basalt and represent an impoundment of water from
local surface runoff.

Geologic History. The following brief summary of geologic his-

tory is intended to provide insight into the eveats that have produced
the present geology and groundwater situation,

The oldest rocks in the basin are Pre-Cumbrian age metamorphic
formations which are probably related to the Belt Series of the northern
Rocky Mountains. These rock formations are exposed in the northern and
central highlands as well as occasional "fslands" surrounded by the bssalt
flows on the plateaus. Many varieties of metamorphic rocks are known to
occur, including phyllite, quartzite, schist and gneiss,

Large bodies of granitic type rocks of Cretaceous age have
intruded into the older metamorphic rocks of the highland areas often form-
ing large batholiths or plutons. The contact zones between the metamorphic
and granitic rocks are "host" areas for many small mineral deposits knowm
in the region. Uranium ig the chief mineral presently being mined, al-
though, in the past, copper, molybdenum, lead, zinc and tungsten have been
mined in small quantities (Becraft and Weis, 1963).

The metamorphic and igneous intrusive rock masses form the
mountains in the northern and eastern portions of the study area., A reg-
fonal drainage course through the Spokane area during early Tertiary times
(50-60 million years ago) eroded deep canyons into these rock masses. In

the ancient Spokane Valley, the canyon bottom was carved to an elevation
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of approximately 800 feet above present sea level elevation. The same
metamorphic and intrusive igneous rock masses also underlie the rest of
the basin where they are covered with sedimentary rocks, unconsolidated
-goils and volecanic rock flow.

Two types of Tertiary volcanic rocks occur in the study area.

0f these, basalt, with its associated breccea and tuff deposits, is
by far the most abundant. The other, andesite, is found at scattered

locations in the western portion of the basin.

During the Miocene Epoch of the Tertiary Period, successive
lava flows from huge earth fissures spread over the metamorphic rocks.
Accumulation of this Miocene Columbia River basalt blocked the westward
flow of rivers and streams and created large lakes in the canyons. Clay,

silt and sand, eroded from weathered igneous and metamorphic mountain

areas to the east, and airborne volcanic ash from the west, were deposited

into these lakes. Near the north and east edges of the Columbia Plateau

these deposits interbedded with some of the successive lava flows. This
deposition occurred throughout much of the middle Tertiary period, and the

sediments varied from fine clay deposited during quiet periods to sand and

gravel transported to the lakes by floods or landslides. Leaf fossils

now found in these sediments indicate deciduous forests grew along the

0 e b A

lake shores. The sediments thus formed have consolidated into soft sedi-~

mentary rock and are now known as the Latah Formation. High “rimrock"

bluffs west of Spokane and remnant mesas, such as at Five-Mile and Orchard :

Prairies, are typical of the interbedded basalt and Latah deposits.
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After the cessation of the lava outpourings, the ancestral
Spokane River carved a gorge around the north edge of the great lava
field. By the beginning of the Pleistocene Ice Age, a broad valley had
developed at about 1600 feet altitude. This pre-glacial drainage course
apparently passed through the Spokane area either by way of a bedrock canyon
in the Hillyard Trough, or what sre reforred to subsequently in this re-
port as the "North Central Gap" and the “Shadle Park Gap.”" During the
Quaternary Period, which included the Pleistocene and recent Epochs, a
variety of deposits occurred. By mode of origin, chey may be classified
as eolian, morainal, glaciofluvial, glaciolacustrine, and alluvial.
The eolian (windblown) deposits consist of clay, silt and fine
sand. Known as the Palouse Formation loess, these deposits occur as
dunes and rounded hills covering most of the plateau areas. The loess
soil 1is valuable to the economy of the area as crop iand, although care-
ful farming practices must be observed because of the high susceptibility
to erosion. Among portions of the northern margin of the plateau and on
the Spokane area mesas, the loess is mixed with gravel and occagional
cobbles and boulders,having been reworked by stream action and deposition
into glacial lakes. The thickness of loess deposits varies considerably
from a few inches to almost 100 feet.
Pleistocene glaciation extended into the Spokane River basin several
times, although most of the glacial features now in evidence are the
result of the last ice advance, some 10,00 to 15,000 years ago. The
number and extent of glacial advances and retreats has not been definitely

established, as each advance and the flood water from each retreating
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glacier have destroyed evidence of the preceding glaciation. However,

it is generally accepted that several floods occurred from melting

* glaciers and the sudden outbreak of glacial lakes to the north and

east of the area. The ice lobes, extending southward from the
Cordilleran ice sheet, entered the Columbia River Gorge, the Colville-~
Chamokane Valley, the Little Spokane River Valley and the Purcell Trench-
Spokane River Valley. Most recent investigations (Weis and Richmond,
1965) have concluded that ice reached further south than the plateau edge
only in the Columbia River Gorge. As a result, glacial till and ice~-
modified topography is mostly in evidence north of the Spokane River.
Glacial lobes north of the Spokane River, primarily in the
Newport-Colbert (Little Spokane River valley) and the Chamokane Creek
areas, left poorly sorted, morainal deposits of silt, sand and gravel till.
Most of t?ese moraines are poorly exposed and are generally thin. Some
glacially polished bedrock is also evident in these areas. In the Spokane
valley, the effects of the continental glaciation of the Pleistocene epoch
consisted mostly of the deposition of gravel, sand and silt, laid down by
floods and melt waters from glaciers which stopped short of the valley.
Features of the glaciofluvial deposits in the Spokane River
valley include widespread occurrence of sand, up to elevations as high as
2,200 feet, deposited during times when there were glacial obstructions of
the regional drainage farther down stream, a preponderance of coarse
gravels following along the central part of the valley, and an overall

buildup of the glaciofluvial deposits to a thickness of at least 300 to

400 feet in the central part of the valley all the way to the mouth of the
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Spokane River. At the depositional maximum, the glaciofluvial deposits
underlaid a wide gravelly plain with an altitude of about 2,000 feet, at
Spokane,

In the area affected by glacistion, mountainous terrsin was
modified by the removal of residual soils, talus, and highly fractured
surface rock. Higher mountainous areas and other highland areas that
escaped glaciation, such as Mt. Spokane, and Browns Mt., were exposed to
long periods of surface weathering, largely as a result of physical dis-
integration from the freeze-thaw process. This has produced a thin
mantle of residual soil and rock rubble over portions of these areas.

A similar mantle has developed on were level basalt surfaces. In the
southern and eastern portions of the study area, chemical alteration has
cauged deep decomposition of some metamorphic rocks.

Several times during the periods of glacial advance and retreat,
lakes were formed when ice blocked main and tributary river valleys.
Outwash silt, sand and gravel deposited in these lakes are now in evidence
as stratified terrace and valley fills in tributary entrants and on the
floors of topographic basins. Two large areas which show evidence of
glacial lake sedimentation are the Deer Park Basin and an area north and
east of Wellpinit on the Spokane Indian Reservstion. Terraces along the
lower Spokane River give evidence of other periods of glacial damming and
deposition at a lower elevation. Subsequent erosion of these lake de-

posits has washed away all but a few terraced remnants along the valley

flanks.

At one or more times during periods when lakes filled

the Spokane River Vslley, the lakes spilled excess water out over
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the Columbia Plateau to the south. Large quantities of overflow water

washed away some of the loess cover and eroded channels into the basalt

‘plateau. During different stages of the flooding, layers of boulders,

cobbles, gravel and sand were deposited over gome areas of the eroded
surface. In quieter times, small ponds and swamps filled with silt and
clay. Today, this area, known as the "channelled scablands", reveals
bare rock scablands, gravel bars, thin cobble, gravel and sand veneers,
silt and clay deposits, and islands of loess to give evidence of its
varied history.

Present geologic evidence indicates that several catastrophic
floods occurred through portions of the study area during late Pleistocene
times, These floods had a significant influence on the present day to-
pography and geologic features. These floods, collectively called the
Missoula Flood, occurred an estimated 22,000 years ago {Richmond 1965),
and was the largest fresh water flood ever documented in geologic records.
The causes and results of the flood have been well documented by Baker
(1973), Bretz (1923, 1969), Bretz, Smith, Neff (1956), and many others.

During late Pleistocene time, a glacial lobe, at least 2,000
feet thick, blocked the mouth of the Clark Fork River in northwestern
Montana, ponding an estimated 500 cubic miles of water. The lake, Glacial
Lake Missoula, filled and overtopped the ice dam, causing a rapid failure
of the dam and a quick release of water. The water could only take one
course, down a valley in northern Idaho, which now comprises part of the Purcell
Trench, and out through the Spokane River Valley. It has been estimated that the

flood reached a peak flow of 752 million cubic feet per second. The entire
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flood 1is believed to have lasted only a week or two (Baker, 1973, p. 65).
Constrictions in the lower Spokane River Qorge backed the flood waters up
until they overflowed southwestward over the Columbia Plateau towards the
Quincy and Pasco Basins. The onrush of water scoured out the valleys
along its course and eroded a wide swath of loess from the surface of the
Columbia Plateau southwest of Spokane. As the flood waters spread out,
slowed down, or were locally ponded, the immense quantities of materials
eroded along its path were deposited in the valleys and on portions of the
plateau. Much of the gravel and sand now filling the Spokane Valley and
in filled channels from Spokane to Pasco Basin are believed to have been
deposited by the Missoula Flood.

The present course of the Spokane River follows the path ~-odad
across the'surface of the glaciofluvial deposits during and after the
last years of the Pleistocene epoch. The channel crosses bedrock spurs
at Post Falls, Spokane Falls, Nine Mile and Long Lake Dams. It remains fixed
in these bedrock notches even though deeper parts of the alluvial fill
permit groundwater to pass around them., Up valley from Spokane Falls, the
post-glacial downcutting by the river has been minimal, the last of the
glaciofluvial channels being visible on the prairie surface westward to be~
yond the state line. Downstream from Spokane Falls, the river has cut a
gorge several hundred feet into the glaciofluvial deposits. This action
has resulted in notched terraces on either side of the canyon which display
the depositional gurfaces of the glaciofluvial sediments.

In the last 10,000 years, since the end of the Pleistocene Ice

Age, the soils and rocks exposed at the surface have undergone fyyther change.
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In the valley areas, these changes include: erosion and redeposition

of earlier deposits by normal stream and river activity; the formation of
irregular sand dunes by prevailing southwesterly winds in the outwash
areas northeast of Hillyard; and also the deposition of lake sediments
and the formation of peat bogs in the Saltese Flats, and near Newman and
Liberty Lakes.

Recent alluvial deposits are generally small in extent and are
limited for the purposes of this study to recent clay, sand and gravel
deposits in river and stream valleys. Deposition of colluvium has con-
tinued since Pleistocene times, in the form of unconsolidated soils, landslides
and talus. Examples of these gravity deposits are found at the base of
cliffs formed by the basalt flows that rim portions of the Spokane Valley

and Hillyard Trough.

Description of Mapped Geologic Units

Two exhibits have been prepared to record the geologic features
of the study area, mapped at 1:250,000 scale. Plate 303-1 shows the
gross geologic features of the region. Plate 303-2 shows the features of
subsurface geological structure which are significant for the purpose of
analyzing the region's groundwater resources.

Map symbols are identified in the legend shown on Plates 303-1
and 303-2. For certain materials, the gymbol systen utilizes a capital
letter first to indicate geologic origin followed by a lower case letter
to indicate physical properties. In the text which follows, the legend

used on the appropriate map is listed in parentheses.
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Bedrock
Granite (GR): Igneous intrusive rocks in the study area
are predominantly granitic and include granodiorite and quartz monzonite
rock types. The symbol (GR) also indicates areas where smaller intrusions
of aplite and alaskite occur. Granite is the predominant rock of the
Okanogan Highlands and also occurs as ''islands' on the Columbia Plateau
where it is surrounded by basalt flows. The granitic rock is generally

massive to locally blocky, medium gray in color, and is fine to coarase

grained. It is surficially weathered where exposed, except along glacial flood

scoured valley walls where it appears frash and hard. Deep alteration

and decomposition often occurs in contact zones between metamorphic rocks

and intrusive rocks.

Metamorphic Rock (ME): Metamorphic rocks of the study
area include phyllite, quartzite and carbonate rocks in the western por-
tions of the study area and schist and gneiss in the eastern portions.
The rocks are generally intensely metamorphosed sedimentary shales, sand-
stones and limestones. Original thickness of the sedimentary deposits is
unknown. The metamorphic rocks have been extensively intruded by granitic
rocks and have been further modified. The metamorphic rocks occur in east-
ern Washington in an area about 30 miles wide and 50 miles long (Weis 1968).
The metamorphic rocks in the study area are surficially weathered except
where scoured by glacial flood waters. Deep weathering or alteration occurs

in some protectes areas and near contact zones with granitic intrusives.

Columbia River Basalt (BA): Basalt of the Columbia River

Group is the predominant rock of the southern half of the study area,
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although there are scattered remnants of basalt in the northern half. The
3 basalt is composed of many separate flows sometimes separated by

; weathered zones, or as in the Svokane area, siltstone interveds. Individ-

ual flows range in thickness from 10 feet to 200 feet and total thickness

IR

ranges upward to 1,500 feet in the study area and to 5,000 feet elsewhere

on the plateau, The rock is highly jointed and blocky and talus slopes

B et 5 8 g AR A RS

usually form at the base of most basalt c¢liffs, Columnar jointing occurs

in some areas. Pillow lava structure is exposed at various locations, J

indicating lava deposition into shallow lakes. The basalt is generally

dark gray to black, dense and fine grained. The upper few feet of each

flow is commonly vesicular.

Latah Formation Siltstone: (ST) .In the ctudy area, the Latah

Formation occurs generally east of Nine-Mile Falls, where it lies beneath
the Spokane Valley gravels, the rimrock basalt, and is interbedded with the )
basalt flows along the flanks of the Spokane River Valley. Thickness of 3

the formation varies considerably. The siltstone underlying the basalt may

T

be as much as 1,500 feet thick and the interbedded deposits are generally

less than 100 feet thick. The Latah Formation is primarily siltstone,

e Mok po S iR AL

but contains some clay, sand, or gravel beds and lenses. The formation is

¥,

5 Sl

overconsolidated due to the overlying weight of the basalt flows. Colors
of the siltstone range from gray to gray-brown, but upon exposure to

weathering, turn to distinctive buff, white or light yellow. Many beds of 5
the Latah Formation are fossiliferous and contain abundant imprints of
plants, diatoms and sponge spicules. :

Surface exposures of the Latah Formation are too small to be

303-20
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mapped at 1: 250,000 scale on Plate 303-1. They are of significance to
considerations of slope and local groundwater conditions in the Spokane

urban area, and are mapped at 1l: 24,000 and discussed in a later section

b of this report.

Aeolian and Glacial Deposits

P R

Palouse Formation Loess (Wm-1, Wm-2): In the study area,

Palouse Formation silt loess covers most of the Columbia Plateau south of

A e

ey e T

the Spokane River and the small remnant basalt flows north of the river.
The formation varies greatly in thickness due to its dune~like deposition,
erogsion, and the fact that it was deposited on an irregular plateau surface.

Thickness varies from a few inchea to nearly 100 feet. Soils of the Palouse

Formation consist primarily of tan to brown silts which contain varying z

o u Ry S e GRS 8B DR

amounts of clay or fine sand. North of the Spokane River, the Palouse for- 4

mation silt has generally been mixed or reworked with sand and gravel.

AR TR

When glacial lakes covered this area, sands and gravel from the highlanda

o S et

were deposited in the lakes, mixing with the submerged silt. In addition, E

. LR AR 3 g B

gravel, cobbles and boulders trapped in floating blocks of glacial ice

were deposited in the lakes as the ice melted. These deposits of reworked

S LRI I

Palouse Formation loess are derignated Wm-2 on Plate 303-1.

Outwash and Flood Deposits (G): These were carried by the
large meltwater and flood releases during periods of glaclal recession.

The Spokane River Valley, Hillyard Trough, Little Spokane River Valley, and

PRI AL

§ Chamokane Valleys received large quantities of these deposits. Thicknesses

of these deposits are unknown, but estimates derived from seismic and drill

PREINEL N, L
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hole information indicate thicknesses exceeding 400 feet in the Spokane
Valley and 700 feet in the Hillyard Trough. Flood deposits, the primary
f11l of the Spokane Valley, consist of relatively clean, rounded gravel
with varying amounts of sand, cobbles and boulders. Outwash deposits,
in Hillyard Trough, Little Spokane Valley and Chamokane Creek are gener-
ally finer and are composed of stratified silt, sand and gravel with only
occasional cobbles or boulders. Outwash deposits in the Spokane River

gorge west of Long Lake Dam primarily consist of silt and sand.

Glacial T1ill Deposits G(t): Deposits of glacial till are
limited to portions of the northern half of the study area. These de-
posits were left by glacial lobe advances down the Spokane River Valley,
the Little Spokane River Valley and a large part of the northwest portion
of the study area as far south as the Spokane River Gorge. The till depos-
its are generally in low terminal and lateral morainal hills, and relative-
ly flat ground moraines. The till cover is thin and rarely exceeds 30
to 40 feet in thickness. The morainal material consists of unsorted, un-

stratified clay, silt, sand, gravel, cobbles and boulders.

Glacial Lake Deposits (L): Glacial lake deposits occur in
areas along the sides of the Spokane River Valley and Gorge, in canyons
tributary to the Spokane River, and in the Deer Park and Wellpinit areas.
Thickness of these deposits vary from thin edges at shorelines to as much
as 300 feet. The glacial lake deposits generally consist of stratified

silt and sand, but clay beds or gravel lenses do occur in most deposits.

303-~22

B

Fyren

PR

e ad L NS T

2 il TR

R




s

B

Recent Deposits

Alluvial Deposits (A): Alluvium i3 deposited along most

. W A

of the tributary streams of tha Spokane Rivgr, although the Latah Creek,

E = Little Spokane River and Chamokane Creek valleys are the only ones with

significant accumulations. The deposits are generally thin, with the ; i
greatest thickness recorded being 38 feet in the Little Spokane Valley
(Cline 1969). Alluvial deposits along the Spokane River upstream of
Nine~Mile Falls are generally restricted within the river banks and to
"Flood stage" gravel bars. These features are too small to map on Plate
303-1 or on the engineering geology maps at 1: 24,000 scale. The alluv-
ium accumulations consist of silt and sand with lenses of gravel. Some

clay and organic silt is also found in the meandering reaches of the
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lower Little Spokane River.
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Residual Deposits (R): Residual materials are those
: formed in place by disintegration or decomposition of rock and which have
: not been moved beyond the local area. Residual soils and rock rubble has

accumulated over much of the Okanogan-Selkirk Highland area where bedrock

; has been exposed. Thickness of these deposits is generally thin and pro-

bably averages less than 10 feet., However, local conditions of rock type,

topography, jointing, and protection from exposure vary the degree and
depth of weathering.

Residual materials commonly consist of fine to coarse sand and
rock rubble from gravel to boulder sizes. Some rocks such as basalt and
some metamorphic rocks have, under certain conditions, weathered to clay

sized particles and occur locally within the plateau and highland areas.

R
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Colluvium: Although not in deposits large enough to map
on Plate 303-1, colluvium occurs in many places of the study area.
Colluvium occurs at the base of the rimrock basalt cliffs and on the lower
slopes of many highland areas. Colluvium consists of unconsolidated rock
materials that accumulate by gravity or slopewash at the base of cliffs or
slopes. The deposits at the base of the rimrock cliffs are primarily
basalt talus and blocks, but in the Spokane region, are mixed with weath-
ered silt from the Latah Formation interbeds. The colluvium in the high-
land areas generally ranges from silt to boulders and is often mixed with
pre-existing glacial, alluvial or other materials. Thickness of the col-

luvium deposits varies upwards from a few inches to nearly 100 feet.

Groundwater Geology. Groundwater occurs in varying amounts
throughout the Spokane River Basin, The largest amounts occur in the
glacial flood gravels of the Spokane Valley between the Washington-Idaho state
line and downtown Spokane. Lesser amounts are found in the Little Spo-
kane River-Deer Park Basin and the Columbia Plateau. The least amounts
of groundwater may be expected in the Spokane River Gorge west of Nine
Mile Falls and north of the river in the bedrock areas of the Okanogan-
Selkirk Highlands. The following general descriptions explain the re-
lationship of groundwater occurrence to the geologic units shown on the
groundwater geology map (Plate 303-2).

Pre-Tertiary Rocks (pTr): The granitic and metamorphic rocks
of the Okanogan-Selkirk Highland province and of the Columbia Plateau
"{glands" are essentially impermeable. However, the weathered top (up~

permost 10 to 20 feet) and joint cracks in the upper part are slightly
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permeable and, in places, afford small yields of water to wells and
springs. This type of perched groundwater forms the source of many small
water supplies in the uplands underlain by these rocks.

Tertiary Rocks (Ter): The geological unite identified by
this symbol on Plate 303-2 include materials of volcanic origin and sed~
imentary deposits. The volcanic materials consist primarily of
bagalt, in which there are local conditions which produce a waterbearing
capability. The sedimentary deposits are those of the Latah Formationm.

The predominantly clay and silt composition of the Latah For~
mation, with its resultant low permeability, makes it generally a non-
water bearing unit. In places, sand beds within the Latah Formation
have a higher permeability and afford limited yields from wells, adequate
for household supply.

Permeable parts of the basalt of the Columbia River Group con-
sist of the (1) rubbly tops of some of the lava flows, (2) pillow-palago-
nite phases formed locally where lava disintegrated by flowage into ponds,
and (3) a rare occurrence of flow breccia. Where the lava is interlayered
with sedimentary materials, there is less yield from rubbly flow tops and
flow breccia, because the invasion of overlying sedimentary materials
decreased this permeability. Because the more pervious zones generally
occur horizontally, the groundwater is mostly confined, or both perched
and confined,

Quaternary Deposits (Qgd & Qd): Glacial drift materials

(Qgd), consisting of till, outwash deposits and lacustrine fine-grained

e d S han AR o

materials, underlie several areas of the Okanogan-~Selkirk Highlands.
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The sand and gravel members of the drift are principal aquifers of the
Chamokane Creek and Little Spokane~Deer Park Basin and other smaller
valley areas, The aquifers afford small and moderate yields to many
wells and springs. Many local "Pockets'" of these glacial deposits in
the mountain areas afford storage for groundwater and provide water for
houses, camp sites, stock, wildlife and streams.

Gravelly glacial outwash (Map Symbol Qg) is the main
aquifer of the valley areas including the Spokane Valley. In the
Spokane River Gorge below Nine-Mile Falls, the gravel outwash is inter-
mixed with other finer grained glacial outwash and lacustrine sand and
s8ilt deposits; in some of these down-valley areas the principal gravel
outwash strata lie beneath terraces and above the level of the main

water table,

Grourdwater Qccurrence and Use

Throughout the Spokane River Basin, groundwater is encountered
in varying amounts. The occurrence is most prolific in the Rathdrum
Prairie of Idaho, from the Spokane Valley glacial outwash deposits which
extend dovnstream to the City of Spokane. The groundwater resources of

the Spokane Valley Aquifer are described in a subsequent part of this
section,

In addition to the principal aquifer, tliere are other geologi-
cal formations within the study area which give rise to the occurrence of
groundwater in usable quantities. These are outlined in the following

text, and may be related to the information shown on Plate 303-2, "Ground-
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water Reglons of the Study Area."

Okanogan-Selkirk Highlands: This region, generally north of

the Spokane Valley, is characterized by the occurrence of pre- Tertiary
bedrock formations, the oldest in the basin. The region encloses major
tributary valleys of the Spokane, including the Little Spokane-Deer Park
Basin and the Chamokane Valley, which have been influenced by Pleistocene

glaciation.,

The water supply of the upland areas is derived principally

from springs and shallow wells in "pockets" of glacial deposits and alluv
ium or from near surface fractured zones in the bedrock. Residences and
the sites of recreation, agriculture and forest management are cer ered
about these scattered sources of groundwater, mostly in the valley areas.
The groundwater supply is sufficient only for a sparse population and for
grazing and wildlife purposes. The smaller upland valleys are similarly
limited. In favorable places, the larger lowland valleys have sufficient
groundwater for towns and small communitjes. Large withdrawals, in
amounts greater than about 10 million gallons per day, could exceed the
capacity of the available groundwater sources unless procedures, such as
artificial recharge by stored surface water, were followed. In general,
future large withdrawals are feasible only in the larger valleys such as
those of the Little Spokane River and Chamokane Creek, and those with~
drawals will need to be wisely located and administered.

Intermountain valleys have small to moderate supplies of gro.nd-
water, primarily from irrigation, industrial and public supply wells.

These wells yield in the range of 50 to 500 gpm from sand and gravel
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members within the glacial drift and glacial outwash deposits. In the
Chamokane Creek and Little Spokane River valleys, most households can
readily obtain domestic water from nearby springs or by drilling wells
50 to 200 feet deep. Larger withdrawals of groundwater are obtainable
in a few places where greater thicknesses of saturated sand or graval
occur and the sites are not too high above the valley water table.

Groundwater is contained in minor aquifers in the blocked tri-
butary valleys containing Newman, Liberty and Hauser Lakes, the Saltese
Flats and the upper Little Spokane River. The meager groundwater infor-
mation which is available in these areas indicates that the gravel and
sand aquifers are lenses in finer grained material; the natural water
table, like the lakes, stand at higher levels than the water table in
the valley aquifer, but the water levels in pumped wells draw down un-
like those of pumped wells in the valley. Hence, they appear to be ef-
fectively isolated from the principal valley aquifer and, while providing
limited supplies for domestic use, are not considered major sources of
groundwater.

Just before the glaciofluvial episode, these tributary valleys
must have been relatively narrow, with the bed of the downstream portions
graded to the 1,650-foot elevation of the pre-glacial valley of the
Spokane River., The filling episodes of the glacial outwash not only
blocked the lower parts of these side valleys with the progressively
thicker coarse deposits in the main valley, but must have caused fine
grained materials to be deposited in the slack water that occupied them.

The fine grained deposits in the side valleys built up to elevation 2,100
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to 2,200 and lapped up onto the bedrock sides of the pre-glacial valleys.
The fine grained fills across the lower parts of tt vallays and, later,
the insulating seals deposited within the lakes, largely isolated the side
lakes to a runoff-evaporation balance within their own drainage basiuns.

Spokane River Valley and Gorge. From the Washington/Idaho border,

the course of the Spokane River is underlain by glacial outwash deposits.
Upstream of Nine Mile Falls, these deposits contain significant amounts of
usable groundwater; downstream, in the Spokane River Gorge, occurrence of
groundwater 1s relatively sparse. That part of the aquifer which is up-
stream from Nine Mile Falls is the source of municipal, irrigation snd
industrial water supplies of the Spokane urban area. This major aquifer
which is the most important groundwater body in the study area, is
discussed separately and in detail in Pert IV of this report. A brief
description is included here together with 3 description of the downstream
or Spokane Gorge groundwater area to complete the study area overview.

The Spokane Valley aquifer, as the upstream part is designated, in-
cludes four surface physiographic units, the Spokane Valley plains, the
terraced valley below Spokane Falls, the Hillyard Trough and the lower
valley of the Little Spokane River. The primary flow path through the
aquifer turns northward from the vicinity of Spokane Falls and passes
through the Hillyard Trough to the lower reaches of the Little Spokane.

The flow paths west of the Hillyard Trough are uncertain. Two gravel filled
gaps are believed to exist linking the Hillyard Trough and the branch of the
aquifer underlying the river valley, but their existence is not well docu-
mented. Groundwater in small amounts can be seen floving out at river level
in the "Downriver Springs" just west of the North Central Gap, in the

SW 1/4 Sec. 12, T. 25 N, R, 42 E, and may be indicative of a westward
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movement of groundwater., A similar situation is present in the northern
(""Shadle Park") gap, but the surface of the gap is higher and is almost 200
feet above the known elevation of the water table in the Hillyard Trough.
A comprehensive subsurface investigation in these gaps would be required to
determine i1f there is a groundwater supply in these areas, presently without
wells, which could augment supplies to portions of west and northwest Spokane.

Throughout the gravelly deposits of the Spokane Valley aquifer, inves-
tigation of the specific capacities of wells has shown that well yields of
400 gallons per minute per foot of drawdown are equaled or exceeded tRrough-
out the aquifer from westernmost Idaho to the basalt at Spokane. (Frink,1962).

In the Spokane River Gorge below Nine Mile Dam, groundwater supplies are
developed from a variety of sources in addition to the glacial flood outwash
materials. These other sources include rimrock springs, wells in the
weathered top of granitic bedrock and alluvium. The rimrock springs yield
small amounts of water from the base of the rimrock basalt, wherein the
groundwater is perched upon the underlying, interlayered Latah silts and
clays. Some of the glacial outwash contains sand moembers that overlie clay
beds and afford small supplies of perched groundwater to wells located on
the valley terraces. Aside from places where groundwater in coarse-grained
outwash materials can be tapped by wells, the river gorge is generally an
area where groundwater supplies may be lacking at any particular site.
The southern side of the gorge, much of which is underlain by slumped parts
of the Latah Formation, may be a particularly difficult area in which to
obtain a water supply from groundwater.

In the Spokane River Gorge, a great variation is observed in the

yields of wells, from 2,000 gpm in some riverside wells in glacial
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outwash to little or no yleld from some wells drilled into the Latah
Formation or granite bedrock beneath the slopes of the gorge. The in-
dication is that, should increased water supplies be required, large
amounts of water may need to be withdrawn in favorable places and
transmitted extensively. Large amounts of water should be available
to additional users in the future by use of such distribution systems;
without this distribution of water, large areas on the slopes of the
gorge may be restricted to sparse, poorly-watered habitation.

Columbia Plateau: Except for a few areas which have perched

water that occurs in the outwash gravel of some of the channeled scab-
lands and that which occurs in some surficial parts of the pre- Tertiary
rock outcrops, the basalt is the only source of groundwater., Wells of
100 to 300 foot depth are commonly used for household and stock supply.
Common yields of wells in the basalt range from 2,000 gpm in large deep
irrigation or public supply wells to 1 or 2 gpm from 100 to 300 foot
deep domestic wells. The water-yielding capability of the basalt is
greater where the basalt section is thicker-~consisting of a greater
number of Llava flows-~away from the plateau's northern edge and away
from the edges of the inlying granitic and metamorphic rock. Because
the aquifers in the basalt consist mainly of the rubbly tops of the
lava flows, the yleld of wells is commonly in proportion to the number
of aquifers penetrated; hence, it 1s in general proportional to the
depth of the well (Newcomb, 1959). However, the completion of a large-
yielding well that draws from several horizons of different hydrostatic
heads may be impractical.

L[
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The nearly horizontal layers of basalt in the Columbia Plateau
province make it difficult for water on the surface to seep through the
lava flows and reach the permeable horizons below; consequently, natural
recharge of the groundwater through the basalt may be small and water
pumped from these horizons may not be adequately replaced by natural re-
charge. Significant recharge from the main Spokane Valley aquifer is
prevented by low-permeability Latah silt interbeds and basalts that form
the aquifer boundaries. For these reasons, the groundwater in the basalt
cannot be considered as a source of water supply much beyond that now
extracted. Artificial recharge of the horizontal basalt aquifers can be
accomplished in a practical manner only by the intra-well injection of
clean purified water. While artificial recharge may provide a future
method for some cheap storage of water, it is unlikely to be a source of
large supplies of water. Future needs for large amounts of water in the
plateau area may not be feasible from groundwater withdrawals, though the
groundwater supply is adequate for many small dispersed withdrawals from
household and stock wells.

Near the north and west edge of the j lateau, wells may encounter
much interbedded clay of the Latah Formation. This area, extending as much
as 4 or 5 miles south and west of the Spokane River canyon, is an area of
low well yields. 1In the southern part of the area, near Cheney, Rockford

and Tekoa, yields of up to 500 gpm are obtained from wells 700 to 1,000

feet deep.
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III. GEOLOGY AND SURFACE SOILS OF THE SPOKANE URBAN AREA

Introduction

Information on the engineering geologic and surface soil

characteristics within the Spokane urban area are presented on three
sets of 1:24,000 scale maps, plates 303-4 through 27. The text which
follows is intended to assist in interpreting the information displayed

on the maps.

Engineering Geology (refer to Plates 303-4 to 11)

Map Symbols: Map symbols used to depict soils and rock types
on engineering geologic maps are not yet standardized. A sat of symbols
used for the maps of this study has been agreed upon by the agencies
involved,

Symbols for bedrock shown on the engineering geologic maps con-

sist of two capital letters. Unconsolidated soils are designated by a
capital letter which indicates the geologic source or origin of the soil,
followed by one or more lower case letters that indicate soil type. In
mixed soils, where more than one soil type symbol follows the origin sym- E
bol, the first one indicates the predominant soil, followed by symbols of
goils in decreasing order of quantity present. Special depositional cate-~
gories are designated by lower case letters in parentheses. The following

symbols are used:

Geologic

Origin Symbol Soil Type Symbol E
Colluvial c Clay e
Glacial G Peat p i
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Geologic

Origin Symbol Soil Type Symbol
Alluvial A Siit m
Eolian W Sand 8
Lacustrine L Gravel g
Residual R Boulders b
Manmade f111 F Rock Rubble r
Special
Depositional
Category Symbol Bedrock Symbol
; Basalt BA
e Metamorphic ME
Talus (ta) Granitic GR
Ti11 (t) Siltstone ST

In areas where one soil overlies another type of soil or rock
at shallow depth, dual symbols are used. For example, the symbol %%
denotes a shallow mantle of residual sand overlying metamorphic rock.
Dual symbols are only used where surficial soils are believed to be less
than 5 feet deep. However, due to subsurface irregularities, it should
be assumed that localized areas may have overburden depths as great as
15 feet. Because of the variation in soil depths, no depth symbol is
shown.

Each soil or rock unit shown on the maps is bounded by a dashed
line. Since a gradual transition usually occurs between adjacent soil
types, the lines are arbitrary, but are as accurate as map scale and tech-

nique allow, Where soil units abut rock masses, and in some lake or stream

deposits, the boundaries are better defined and are more accurately mapped. 3
Within soil boundaries, there may be small areas of different
materials, as well as like materials of different origin. Mapping these

areas on a smaller scale with more detail would be required for special

Sl 2 Yl SRR Wl st M B 20
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land use planning.

Following are more detailed descriptions of the bedrock

materials and soil types found in the urban planning area. This ex-

pands descriptions which have been introduced in more general terms

s g

under study area-wide geology.

arior

Characteristics of Bedrock

Metamorphics. The metamorphic rock exposed in the Spokane

area is predominantly schist and gneiss formed from pre-existing sedi-
mentary rocks. These rocks are intensely metamorphosed and exhibit
layering and granitization. Most metamorphic rocks are believed to be

related to the Pre-Cambrian Belt Series rocks of the Rocky Mountains,

Physical characteristics of the metamorphic rocks vary widely over short
horizontal and vertical distances., Some are highly altered by hydro-
thermal processes and by deep weathering. In other areas, the rock is
hard and fresh. Lack of good surface exposures precludes accurate de~
lineation of altered and fresh rock areas on the geologic maps.

In place, metamorphic rock generally provides good to excellent 3
foundation siting. However, metamorphic rock types in the study area
vary from hard massive gneiss and quartzite to highly fractured, thinly
foliated phyllite and schist. Accordingly, foundation and excavation re-
quirements must be determined on the characteristics of each individual
area prior to any planned construction.

Granite. Igneous rocks that intruded the metamorphic rocks are

found in some portions of the urbanizing area north of the Spokane River.

R P e padern
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These rocks are medium to coarse grained, hard, and generally massive.
Boundaries with the metamorphic rocks are often indistinct.

Weathering of the granitic rock occurs in areas of low slopes
and the less exposed sides of mountain ridges. The weathering is less
intense than it is in the metamorphic rocks and does not exceed 5 feet

below the exposed rock surface is most areas.

Areas of granite outcropping generally are excellent for foun-
dation siting. The rock is generally massive, but local jointing causes
some blockiness. Excavation usually requires blasting below any surface
residual deposits. Deeply altered zones near contact zones with meta-
morhpic or other igneous rock bodies may require special investigation
prior to planning construction in these areas.

Basalt. Basalt is the most conspicuous rock in the Spokane
area., It is in evidence at the falls near Gowntown Spokane, in the rim-

rock bluffs south and west of the city and in many local outcrops through-

out the area.

Columbia River Basalt is dark gray, dense and fine grained.
Basalt 1s inherently jointed, causing it to disintegrate and to break
into blocky fragments when exposed to freezing~thawing conditions.

The basalt in the Spokane region varies from slightly to highly vesicular

and from moderately hard to very hard. Residual weathering of the

rock is generally slight, although near the contacts with some Latah

siltstone interheds, some weathering and alteration has occurred.

Thickness of individual basalt flows in the Spokane area ranges from
50 to 150 feet. The overall thickness of the successive flows ex-
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ceeds 5,000 feet in some areas, but is in the order of 400 feet within
the Spokane urban area.

The basalt forms an excellent foundation stratum and supports
many of the larger buildings in Spokane. The surface of the basalt is
highly irregular, however, and comprehensive explorations are necessary
to establish the surface of the rock, prior to planning construction in
such areas.

The basalt is, for the most part, impervious, although highly
fractured zones occur locally, particularly near flow contacts, which
permit the passage of subsurface water. Water is also encountered at the
bedrock surface contact in some areas. However, the location of water-
bearing zones within and on top of the basalt is often indeterminate with-
out extensive explorations and available quantities are generally small.
Seldom are they a source of groundwater supply when other sources are
more readily available.

The basalt rock generally requires blasting to excavate, al-
though large backhoes, rippers and jack-hammers are successful Iln highly
fractured near-surface zones and for excavation "dental" work. Excava-
tion slopes in moderately fractured basalt will stand near-vertically,
but a safety area is generally required at the base to catch spalling
blocks.

Latah Formation. Siltatone of the Latah Formation is rarely

exposed at the ground surface, but is an important subsurface feature in
the Spokane area. The siltstone ranges from soft to hard, depending upon

its proximity to the surface. It ranges in color from yellow to gray brown :
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and often contains leaf fossils. The Latah is practically impervious, and
is considered a groundwater barrier. Springs are common on the surface
of the Latah where interbeds daylight on hillside slopes.

The Latah Formation is predominantly composed of silt, but has
gome zones of clay, sand or gravel. The Latah beds may be as thick as
500 feet below the glacial outwash gravels in the Spokane Valley (Newcomb
et al., 1953) and in places rest directly upon the metamorphic "basement"
rocks. Latah silts, interbedded with Columbia River basalt flows, also
exist over a wide area adjacent to the Spokane River Valley, but the in-
terbeds are generally less than 100 feet thick. Pardee and Bryan (1926)
gtate that the Latah Formation may be as much as 1,400 to 1,500 feet
thick in the vicinity of Hangman (Latah) Creek.

Near the surface of many beds, the Latah siltstone has softened
to the consistency of a stiff soil. At depth it is highly overconsolida-
ted. The Latah, in general, is considered an excellent foundation stratum,
although local groundwater conditions and the degree of natural softening
may dictate special foundation considerations in certain areas. Excava-
tions into the Latah can generally be made with conventional power exca-
vation equipment.

There have been very few man-made cuts in the Latah and very
little direct evidence of recent landslides or failures in the natural
slopes where the Latah is exposed at the surface. Where earth movements
have been observed, they generally have involved the soils overlying the
Latah, or were confinei to the softer, weathered near-surface silts. In

either case, groundwater was also involved. There is also limited evidence
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of ancient movements, such as fissures and offsets, in some areas.

Without direct data or experience, man~made modifications to slopes

underlain by the Latah silts should be preceded by careful study.

Characteristics of Soils

Unconsolidated Glacial Deposits. The dominant soils in the

Spokane Valley area are sands and gravels deposited by glacial activity.
The gravel and sand in the urban section of the Spokane Valley is poorly
gorted, fine to coarse, and contains cobbles and boulders. These soils
were depogsited from glacial flood waters, and are relatively free of
silt and fine sand, except in the upper 3 to 5 feet where the finer
materials generally fill the voids of the coarser sands and gravels.

The permeability of these soils is high, allowing for high

groundwater yield. In the Spokane Valley area, the coarse sands and

gravels are believed to extend to a depth of about 400 feet below the

surface at the Washington-Idaho state line, to an elevation of 1,600 feet.

This estimate, however, is based upon interpretive seismic data (lNewcomb
et al,, 1953), since to date (1973) no boring has ever penetrated through
the stratum,

Glacial outwash deposits adjacent to Fivemile Prairie and in
the Hillyard Trough are finer grained than those in the Spokane Valley.
These deposits consist mainly of stratified sand with minor amounts of
gravel and silt, and, in places, occasional boulders. Stratification and
sorting of these materials, which exhibit some crossbedding, are moderate

to well developed. The Hillyard Trough deposits are known to exceed 780
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feet in depth (Rieber and Turner, 1963) and to become thinner north of
Mead (Cline, 1969) in the Little Spokane River Valley.

Other glacially derived deposits were formed when sand and
gravel-laden glacial outwash streams deposited their loads in a lake
that formed behind a glacial lobe at Long Lake (Richmond et al., 1965).
These deposits are classified as lacustrine sand (Ls) on the geologic
maps and are located north of Mead and on the uplands flanking the Spo-~
kane and Little Spokane Valleys. These deposits are generally strati-
fied, well sorted and flat lying and are finer grained than those in the
main valley. Though chiefly sand, these deposits may contain occasional
gravel or silt interbeds. Occasional ice rafted erratic boulders up to
10 feet in diameter are found in the lake sands. These deposits range
in thickness up to 300 feet (Cline, 1959) and vary widely in permeability.

Other glacially derived deposits in the study area are relative-
ly minor. Glacial moraine materials (till), consisting of unsorted clay
to boulder size materials, are presently found mixed with glacial outwash,
colluvial and eolian soils along the lower flanks of the Spokane Valley.
According to Weis and Richmond (1965), a glacial lobe reached the vicinity
of east Spokane. Because the mixing of materials from different sources
often makes idéntification difficult, glacial till may be included in map
units designated as colluvium.

The sands and gravels in the main valley are excellent founda-
tion soils, while the fimer sands in the northern portion of the urban-
izing area and Hillyard Trough are excellent for most one and two story

structures, Since large variations in the relative density of the finer
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sands occur, study of individual sites is advisable prior to construc-
ting large structures. Foundations for such structures may have to
penetrate several feet beneath the surface.

Most of the unconsolidated glacial deposits can be excavated
with conventional excavating equipment, although large boulders may re-
quire special handling. Excavation slopes steeper than about 1 vertical
on 1 horizontal generally require shoring. The finer sands will exhibit
apparent stability when excavated at near-vertical slopes, but such
stability is temporary and unpredictable.

Eolian Deposits, Windblown silt and sand deposits are pre~

valent in the Spokane region. S5ilt occurs as loess in the Palouse Forma-
tion, and mixed with glacial sand deposits, and dune sands also occur in
the area near Mead. The silts of the Palouse Formation are identified on
the geologic maps by the symbol Wm-1. The mixed loessial and glacial
soils are designated Wm-2 and the dune sands by Ws.

Loess of the Palouse Formation is fine grained, tan to brown
8ilt with occasional clay and fine sand. The silt is generally indis-~
tinctly stratified and has poor permeability. Loess is characterized by
many fine, usually vertical root tubules and root remnants. Thickness of
the loess deposits varies greatly as a result of the highly irregular sur-
face of the rock that generally underlies it and because of the dune-
like character of the windblown deposits. Thickness of the loess in the
Spokane area is on the order of 3 to 20 feet, although a test hole on
Orchard Prairie (Cline, 1969) encountered a thickness of 73 feet. South

of the urbanizing area, the thickness of the Palouse Formation sometimes
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exceeds 100 feet (Scheid et al., 1954).

Palouse silts are a marginal foundation soil and, while ade-
quta for light structures, heavy loads often require special foundation
treatment or deeper excavation. Permeability of the silts is poor, al-
though the presence of vertical root tubules in some areas may provide a
high degree of vertical permeability. Shallow excavations in the silt
will generally remain stable at near vertical slopes, while deep unsuppor-
ted slopes require flattening. Local groundwater conditions such as
springs usually require special slope treatment.

Deposits of loess in the uplands surrounding Spokane Valley
and Hillyard Trough occasionally contain glacial sand and gravel which

indicates a mixing with more recent glacial lake or glacial till deposits.

The properties of the mixed soils are difficult to generalize because the
degree of mixing and relative proportions of each component will signifi~
cantly affect the engineering characteristics. Drainage, however, is con-

sidered poor. ;

Windblown fine sand has formed dunes near Mead in the northwest-

ern area. This sand is blown from glacial outwash and lake deposits and

the maximum depth of acé;mulation is approximately 50 feet. All windblown :

deposits in the Spokane area are highly susceptible to surface erosion §

from both wind and water.
ILike the silts, the windblown sands have marginal foundation ;

properties. All excavations require flattening of unsupported slopes.

Permeability of the dune sands is generally variable depending upon the

proportion of silt mixed with the sand.
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Colluvial Deposits. Colluvium consists of accumulations of

unconsolidated mixtures of soil and rock and is generally found on the
lower slopes and at the base of cliffs. The colluvial soils vary widely
and may include slopewash silt, sarni and gravel, similar residually
formed materials, and talus from rock cliffs. These materisls may of~
ten overlap at their‘contacta with glacial outwash, till or with the

underlying formation.

A colluvial feature peculiar to the Spokane region is the oc~

currence of basalt "haystacks”" downslope from the basalt rimrock cliffs.
The "haystacks” are basalt blocks tlat have broken from the flow edges
and have moved downslope by gravity. In most ingtances, the blocks are ”i
resting on, or are partially buried in, the underlying Latah Formation.
The term "haystack” was derived from the characteristic rounded shape.
Haystacks range in size from 2 feet to more than 100 feet in diameter.
Griggs (1966) has mapped these features as landslides but, because they

are predominantly colluvian in origin, they have been mapped as colluvium E

for this study.

Ny

The highly variable nature of the colluvial soils precludes

b S

generalization of engineering propecties. Hovever, since most colluvium

S vl

occurs upon or at the base of slopes, sites underlain by these soils are
generally the most difficult to develop. Studies of the specific site
condiitons in colluvial areas must be made and foundation, drainase aad
excavation requirements must be tailored to these conditioms.

Residual Deposits. Resiijual deposirs of the area are formed hy

weathering and in-place decomposition of the granitic and metamorphic

,.,‘,'x.-fﬁ;ig},}‘ﬁ,,w,. SR AIN
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rocks of the mountainous regions. Generally, the soils remain essen-
tially where they were formed and consist primarily of silty sand and
gravel size particles, although larger pieces of rock rubble are common.
The residual soils in inaccessible mountainous areas were mapped from
aerial photographs and the soils classificeztions were interpreted from
soils maps (Donaldson and Giese, 1968). Thickness of residual soils is
mostly unknown and probably varies considerably. However, examination
of roadcuts and stream banks indicates that depth of residual soils
ranges from 1 to 5 feet, with depths up to 15 feet locally.

Residual soils generally are suitable for foundations and, when
questionable, good foundation rock is usually available at reasonable
depth beneath them. Excavation of residual soils can usually be accom-
plished with conventional excavating equipment with heavier rippers being
required where the rock-to-soil breakdown is not yet complete. Because
of the high silt and clay content of the residual soils and their
proximity to the underlying parent rock, the permeability of these
solls is generally found to be low., Water may be encountered seasonally
at the residuum-bedrock contact.

Alluvium. Soils mapped as alluvium are silts, sands and gravels
that have been deposited along stream valleys, chiefly the Little Spokane
River and Latah Creek. These deposits vary widely in composition and are
generally stratified. Thickness of the alluvium deposits is rarely over

30 feet., Alluvial deposits often merge into glacial outwash or lacustrine

materials.
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Becaugse alluvium generally occurs as a variety of soil types and
often in conjunction with materials of different origin, the engineering
properties vary. Generally, the finer grained alluvial soils are unsuit-~
able, or at best marginal, foundation soils, while the coarser sands and
gravels are adequate. Excavation stability is usually poor as most allu-~
vium occurs in areas containing a high water table. Sites underlain by
alluvium should be investigated in detail prior to planning construction.

Lacustrine Organic Deposits. Saltese Flat, Newman Lake and Li-

berty Lake are shallow basins of deposition for soils washed down from
adjacent mountainous areas. Plant growth in swampy areas around the ba-
sins has accumulated and, over a period of time, has formed peat bogs and
organic silt deposits. These areas are soft and spongy and characterized
by high water tables.

Three types of peat have been identified at each site (Rigg,
1958). Muck is peat that has decomposed to the point where plant remains
are indistinguishable and usually forms a very soft surface layer of from
1 to 5 feet deep over underlying deposits. Fibrous peat generally under-
lies the muck and thicknesses range up to 15 feet. Fibrous peat is com-
posed of coarse grasslike plant remains that are incompletely decomposed.

Sedimentary peat is composed of small plant remains (algae, diatoms, etc.)

and the remains of aquatic animal and bacteria life that have been deposi~-
ted in water. Sedimentary peat is often very soft and plastic. This type
of peat is found near the bottom of the deposits at Saltese Flat and New-

man Lake.

The organic deposits are not suitable foundation soils and must
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be removed or foundations must penetrate through them. They are soft
and compressible and surface loads such as embankments will often pro-
duce settlements of saveral inches that may continue over a period of
several years. Excavation of the peats generally requires a dragline.
Permeability. (Refer to Plates 303-12 to 27.) Two sets of

permeability maps have been prepared to illustrate the relative ability

of the surface and near-surface soils to transmit water. One get, desig-
nated "Surface Soils" (Plates 303-12 through 19), denotes the relative
permeability of the soils from the surface to a depth of about 3 feet,
while the set designated '"Near Surface Soils" (Plates 303-20 through 27)
pregents similar data on the soils at a depth of about 5 feet below the
surface,

The engineering parameter used to describe the ability of a
soll to transmit water is called the "coefficient of permeability.” The
one that was selected for the purpose of this study is Darcy's coefficient

"k", which represents the saturated flow velocity of water through a unit

area of soil under a hydraulic gradient of unity. The coefficient is ex-
pressed as a velocity with units in the metric system (centimeters per
second). Permeability varies over a wide range and, within the soil spec~
trum, can vary from about 100 cm/sec. for coarse gravels to 1010 cn/gec.
for highly plastic clays. The permeability of a particular material var-

ies according to particle size, particle shape, particle orientation, den~

sity and stratification, so that values may vary widely even for a given

type of soil. Field and/or laboratory tests are required to establish

£s -
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realistic values for given soils and soil strata with certainty. Informa-
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tion regarding such tests is lacking for the soils in the Spokane area.
For the purpose of this study, permeability evaluation was based upon
three very broad classifications: 1) Good; 2) Poor; and 3) Practically
Impervious, corresponding to permeability coefficients of: 1) greater

than 104 cm/sec.; 2) between 10~4 and 1076 cm/sec.; and 3) less than

1076 cm/sgec.
In terms of the soils found within the Spokane Urban area, the

permeability and soil type relationship is as follows:

Permeability Typical
Classification k (cm/sec.) Soil Type Geology Map Symbol
Good 1074 Sands and Gravels Gg, As, Ls,
relatively free of Cs/g, Gs,
g8ilt and clay Rs, Ws
particles. :
Poox 104 to 10-6 Very fine sands, Wm, Am, Lm, é
gilty sands and Cm, As/m, ;
gravels, silts. Ls/m, Gs/m, 3
Rs/m, Cs/g/m :
i
Practically 10-6 Clayey silts, Ba, ST, Am, Lm §
Impervious rock

The primary basis for the permeability/soil type relationship
tabulated above is the U.S. Soil Conservation Service (U.S.5.C.S.) soils
data for Spokane County presented by Donaldson and Giese (1968). Permea-
bility in the U.S.S5.C.S. publications represents an infiltration rate ex-
pressed in inches per hour, through a unit area of soil under a given head,
usually 0.5 inch (U.S. Department of Agriculture, 1951). A limitation of

the U.S.S.C.S. data for Spokane County is that they are based upon only a

few tests with the majority of the permeability values being assigned on

the basis of a visual classification of the soil. Further, the U,$.S.C.S.

T o L Rl .
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system contains several categories, spanning a relatively narrow portion
of the total permeability spectrum, which may be unrealistic 1if unsupported

by direct testing. Therefore, only the relative magnitudes of the pub-

lished data were considered and judgment was applied on the basis of the
grain size characteristics presented by the U.S5.5.C.S., particularly that
portion passing the No. 200 mesh seive, constituting the portion of silt
and clay particles.

Boundaries on the surface drainage maps generally coincide with

those on the engineering geologic map. However, because different soils
may have gimilar drainage characteristics, fewer boundaries are used.
Like the soils boundaries, the drainage boundaries are arbitrarily drawm,

consistent with the scale and technique used.
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IV. GROUNDWATER RESOURCES OF THE SPOKANE URBAN AREA

Historical Background

From the times of piloneer settlement, springs and shallow wells
were the most popular early-day means of supplying water. The first
public supply at Spokane was pumped from the river at Havermale Igland.

The system was promoted by a private company, but was taken over by the

City of Spokane in 1885, a few months after supply was initiated. Nine
years later, the capacity of the system was enlarged, and the source
moved upstream to Parkwater.

The City looked tc groundwater sources when further expansion
of supply was contemplaied and installed its first groundwater pumps in
dug wells at Parkwater in 1908. The main gravel aquifer of the Spokane
Valley plains has provided essentially the entire supply of domestic, é
public service, industrial and irrigation water for the Spokane Urban area. g
Spokane is now the largest city in the nation to rely entirely upon ;
groundwater sources for its public water supply.

In spite of the early reliance upon underground sources of
water supply, little was known of the extent and properties of the Spokare ;
aquifer until the early 1920's. It was then that the first studies were
begun by the Washington Water Power Company to learn more about the regi-
men of the water available for electric power generation. The data and E
f interpretative results of their efforts, reported by E. R. Fosdick (1931)
have since been substantiated and expanded by later studies by several

public agencies. Pertinent data from these later studies are given by :
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Weigle and Mundorff (1952) in Washington and by Nace and Fader (1950) in
Idaho. The principal presentation of engineering data for well design is

contained in Frink's 1962 paper for the Bureau of Reclamation.

Explanation of Maps

Features of the principal subsurface aquifer in the Spokane
urban planning area are presented on a series of eight maps, Plates 303-
28 through 303~35.

The groundwater maps chew the average summer elevation of the
groundwater table within the principal aquifer of the Spokane Valley, the
Hillyard Trough and in the lower valley of the Little Spokane River.
Water level records from selected wells were used to derive the ground-
water contours of the aquifers shown on the maps.

The well records used as a data source are presented in Appen-
dix I. Well locations are shown on the groundwater maps. The wells
listed in Appendix I are those whose records afford reliable water level
information over an extended period of time and are strategically located
within the study area. Some of the wells shown on the maps represent a
group of closely-spaced wells. In such cases, the one with the best level
record has been selected, Most of the wells listed in Appendix I were con-
structed prior to 1952. The reason for this selection is that wells with
good long-term water level information were considered to be the most
valuable data sources. The data further indicate that there has been no
gsignificant change in the water table during the last 20 years.

A small part of the groundwater discharges from known and named
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springs. These are described in Appendix II and are located on the
groundwater maps.

Lateral boundaries of the aquifers are shown on the maps, al-~
though their location is only approximate. The elevation at which the
water table intersects an impervious barrier is considered to be the
aquifer's lateral boundary. In the Spokane area, the aquifer boundaries

are normally sloping bedrock or Latah Formation preglacial channels.

The Spokane Valley Aquifer

Configuration of the Aquifer. The principal aquifer consists

of a massive body of glacial outwash sands and gravels that underlies

the Spokane Valley in Washington and the Rathdrum Prairie in Idaho. The
principal aquifer branches at Spokane Falls, with one branch following
the route oi the lower river valley and the other passing through

the Hillyard Trough to the lower Little Spokane River Valley. The
general outline of the glacial materials which constitute the aquifer 1s
indicated on Plate 303-2. Within the study area, the glacial outwash
extends along the Spokane River to within 10 miles of the confluence with
the Columbia River, and f£ills the Chamokane Valley.

The detailed description which follows refers only to that por-
tion of the aquifer lying within the urbanizing area——between the Idaho
border and the confluence of the Spokane and Little Spokane Rivers, at
the head of Long Lake. Within this area, geologic and hydrologic data is
relatively plentiful, by contrast with the more westerly portions of the

Spokane Valley.
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Through the central part of the Spokane Valley the aquifer con-
sists of very pe.meable coarse gravel and sand that contains beds of
boulders and cobble size as well as boulders and cobbles scattered through
finer gravel. The materials are so bouldery that, prior to Vorld War II,
wells were dug and masonry curbings were handlaid more cheaply than mach-
ine drilling could be done. Even after machine drilling became the usual
practice, most wells were not drilled more than a few tens of feet below
the water table. Consequently, there is little drilling information on
the materials in the lower part of the aquifer, below a depth of about
50 feet.

The high permeability of at least the upper part of the aquifer
is known to continue west to the area of the basalt at Spokane Falls.
Northward through the Hillyard Trough, the aquifer materials are progress-
ively finer gralned; sand and even fine sand and clay beds become an in-
creasing part of the materials below the water table toward the northern
end of the Hillyard Trough. Throughout the aquifer, finer grained mater-
ials have been encountered in a nu~'.r of drillings. One test well, 1/4
mile south of the Spokane City Well Field at Parkwater, is said to have
been drilled 111 feet deep to an elevation of 1,842 feet, and abandoned
because sand predominated below a depth of about 60 feet (Weigle and
Mundorff, 1952). A 6~inch test well at the Diamond Match Cowpany at the
eastern side of Spokane (E 1/2 Sec. 14, T25M, R43E) is reported to have
been drilled 90 feet deep to elevation 1,780 in saturated gravels and

solely in "clay” to an unreported depth below elevation 1,780 (Newcomb,
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1933). The well drilling records of Phillips et al (1962) and Crosby
et al (1968, 1970, 1971) show rare clay or silt lenses were found in
their wells and much of the sand and gravel encountered in the drilling
contained 2 to 5 percent of materials in the silt and clay particle sizes.

The glacial outwash and flood materials which constitute the
Spokane Valley aquifer extend to abut the aloping sides of the pre-glacial
bedrock valley. In places, the gravel grades laterally into less per-
meable materials of outwash age; one place being at the Pasadena Park
Elementary School, where reworked Latah materials interbedded with gla-
clofluvial sand and gravel near the side of Spokane Valley have heen
reported by Phillips, et al (1962). Thus, the lateral boundaries of
the main gravel aquifer mostly consist of abruptly slopingy surfaces of
essentially impervious granitic and metamorphic rocks, slightly permeable
Latah Formation and basalt with generally low but irregular permeability.
In a few areas, the lateral boundaries include fine-grained outwash and
other sedimentary deposits of outwash age which limit the width of the
gravel aquifer. These boundaries between the aquifer and finer grained
sedimentary deposits occur mainly across some of the larger tributary
valleys, such as those containing Newman and Liberty Lakes. The dividing
line between the coarse materials of the valley aquifer and the fine-
grained £fill acrcss these side valleys is only generally known from
records of a few wells.

One significant deficiency in information on the boundaries of
the aquifer occurs in the northwest part of Spokane where two gravel-

filled gaps exist in the western side of the Hillyard Trough. The out-
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cropping area of the basalt ledge, over which the river falls at Spokane,
extends north nearly one mile to the vicinity of North Central High

School. Between that end of the basalt and a 1/4 square mile knob of

Lo
M

basalt, centered at Courtland and Elm Streets, a one-mile sag in the

drainage divide is underlain by gravel. To the north of the basalt knob,

another gravel-filled gap 1-1/2 miles long extends through Shadle Park
and north to the slope which rises to Five Mile Prairie. These two gra-
vel-filled gaps are shown on Plate 303-32, as "North Central Gap" and

"Shadle Gap," respectively. While there is a lack of information in these

areas, either or both of these gaps are suspected of serving as conduits
for the westward movement of grc-indwater which has been inferred from

river flow measurements described later in this report.

Plates 303~28 through 303-35 show the lateral boundaries of the
aquifer, at the elevation of the water table, within the Spokane urban
planning area subject to the limitations of data described above.

Knowledge of the thickness of the valley aquifer is derived
mainly from geologic interpretations, drillers' logs of a few wells that
have been drilled through the aquifer along the sides of the valley, two
seismic cross sections (Newcomb et al 1953), and two deep wells drilled
by the Washington Water Power company and the Bonneville Power Administra-
tion in the Hillyard Trough.

The seismic section across the valley just east of the Idaho
State Line indicates that the base of the glaciofluvial gravels rests on
material typical of the Latah Formation, which has low permeability. The ;

aquifer, some 3 miles wide, averages a depth of over 400 feet below ground
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surface. The seismic information shows that the base of the aquifer
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is in the form of two broad “channels,”" the northern one being the

[TeneyIr:

deeper and reaching down to elevation 1,600. The average elevation of
the aquifer base inferred from the seismic survey is about 1,690, ap~
3 proximately 300 feet below the water table for this section of the val-

ley (Newcomb et al 1953).

— ——
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A partial check of the validity of the seilsmic data was pro-

vided by a test well drilled for the Bureau of Reclamation a mile to the

west of the geismic section. This test well was near the state boundary
in the middle of the valley and near the site of the Bureau's "Site 11"

area which 1s in the NW 1/4 SW 1/4 Sec. 31, T26N, R46FE. The test well

was drilled to a depth of about 300 feet, or within about 100 feet of
the aquifer base as inferred by the geismic survey, and did not reach
the base of the glaciofluvial gravel aquifer. At a few places along the
edges of the valley, wells have encountered the sloping top of the bed-
rock (granitic, basaltic or Latah sedimentary rocks) before reaching the
level of the water table in the gravel aquifer, but no well is known to ]
have been drilled completely through the aquifer in the central part of
the Spokane Valley.

The seismic section across the Hillyard Trough shows the base

of the valley gravel aquifer is an essentially even surface at a depth

of some 300 feet, at elevation 1,700 (Newcomb et al 1953). The water

vt Bk

table 18 at about 1,820 feet elevation indicating that the depth of

groundwater flowing in the aquifer is approximately 120 feet through this

A B e T

section of the Hillyard Trough. At the north end of the Hillyard Trough
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the base of the aquifer, below elevation 1,650, is believed to be uneven
. and be partitioned by bedrock spurs, based on observation of the yround-

water discharges to springs and to the Little Spokane River at elevations

ranging from 1,620 to 1,540 within a lateral width of some 2 miles.

A test well for the Washington Water Power Company was drilled
in 1962 through the gravel aquifer in the Hillyard Trough. The well, lo-
cated in the NE 1/4 SE 1/4 Sec. 20, T26N, R43E, 1000 feet north of the
seismic line, was drilled to a depth of 780 feet. Because the well was
drilled to test the sub~aquifer section for gas storage possibilities, a
record of the aquifer materials was kept only on a nearby water well
(26/43-20J1, in Table I-1, Appendix I)., However, the sub-aquifer samples
start at 345 feet depth, the depth reported on the seismic section as the
base of the aquifer. From 345 to 715 feet the well was drilled in clays,
silt and sand. Cobbles and boulder gravel were reported from 715 to 780
feet. The description of the clay, silt and sand appears to show that
this section of the drilling penetrated sedimentary materials of the
Latah Formation, but the report on the drilling (Rieber and Turner, 1963)
concludes that the material was of Pleistocene age. The cobble and
boulder materials from 715 to 780 feet may have been a basal conglomerate

of the Latah Formaticn, as the seismic section interprets granitic bedrock 4

at a depth of about 740 feet. A mile north of the seismic section, a

water well drilled for the Donneville Substation near the center of Section
16 ghows the base of the sand aquifer at 272 feet depth, 20 feet below the
elevation of the base at the selsmic section a mile to tlie south.

Thus summarized, data on the base of the gravel aquifer of the
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Spokane Valley and the Hillyard Trough indicates a wide planar pre~glacial
surface gloping gently westward to Spokane whare the altitude of the base
is unlocated but presumed to be near or below elevation 1,650, 190 feet
below the basalt rim over which the river flows. The possible higher ele~
vation of the base of the aquifer in the northernr part of the Hillyard
Trough may indicate that the base of the main course of the gravel aqui-
fer trends west through one of the two gaps in the basalt rim south of Five
Mile Prairie. Also, this higher base of the aquifer in the northern part
of the Hillyard Trough suggests that the sand and gravel deposits of the

northern part of the Hillyard Trough were laid down by southward flowing

outwash streams tributary to the meltwaters coursing west through the
Spokane Valley. The base of the aquifer may be underlain largely by the
Latah Formation, but knobs, spurs and "islands" of the granite bedrock
form the base of the aquifer in places.

Hydraulic Characteristics of the Aquifer. East of the study

area, the aquifer extends into Idaho, where the elevation of the water

table at its extreme northern end is influenced by Lake Pend Oreille.
Prior to 1952, the natural level of the lake was at elevation 2,051. :

From this elevation, the water table had a gradient of about 2 to 2<1/2 f é
feet per mile beneath the valley plains in the Athol, Idaho area to

within about 5 miles of the State line. The gradient of the water table

for the 5 miles east of the State line was 5 feet per mile (Newcomb, 1933).

With the closure of Albeni Falls Dam in 1952, the normal pool level of

Pend Oreille Lake was raised to about 2,059 feet, and the level of the
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water table in the North Pole and Athol areas adjusted to the new level. i
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Depths to the water table at the northern end of the aqui-
fer in Idaho are in the order of 300 to 400 feet. At the Washington/
Idaho state line, the water table lies near elevation 1,980, about 100
feet below the surface of the valley plain. 1In its 20-mile course
from the state line to downtown Spokane, the surface of the water table
drops 17 feet, at slopes varying locally from 4 to 10 feet per mile.
The depth of the groundwater below the surface of the valley as it ap-
proaches the City of Spokane is in the order of 40 feet, and at a few
locations, sand and gravel quarry plts penetrate beneath the water
table, West of Greenacres the surface of the water table is at a higher
elevation than the bed of the Spokane River channel, a factor which has
a significant bearing on the transfer of water between the aquifer and
the river,

At the basaltic rock ledge which forms Spokane Falls, the
principal branch of the aquifer is that which turns north through the
Hillyard Tvough. Along this course, the water table slopes evenly at
about 10 feet per mile from the 1,860 feet elevation which prevails
immediately east of Spokane Falls, and then steepens to as much as 70 to
80 feet per mile near the spring areas in the Little Spokane Valley. As
the terrain rises from Spokane Falls to the north into Hillyard Trough,
the depth to groundwater increases to about 150 feet.

From the spring areas wesiward down the Little Spokane River,
the water table drops from elevation 1,600 vo elevation 1,540 at the con-
fluence with the Spokane River below Nine Mile Dam. The groundwater in

the sand and gravel underlying the flocr ¢{ the Little Spokane River Val-
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ley is joined, near the mouth, by groundwater contained in the other

branch of the aquifer which follows the course of the Spokane River.,
This second branch of the gravel aquifer begins below the
rock ledge of Spokane Falls and apparently receives some groundwater
that percolates through gravel-filled gaps in the largely impervious ma-~
terials that form the west side of the Hillyard Trough. Beneath the
Peaceful Valley area, just west of the basalt obstruction at Spokane
Falls, the water table is at elevation 1,740, From there it slopes
about 15 feet per mile, in general conformity with the river's gradient,
to reach the 1,602 foot level of the pool behind Nine Mile Dam. The
granitic constriction that caused Nine Mile Falls, and serves as a foun-
dation for Nine Mile Dam, forms an obstruction which results in the
steep descent of the water table to the 1,540 foot elevation
at the mouth of the Little Spokane River referred to above. The
resulting high gradient in the groundwater accelerates percolation

through the gravel east of the granite knob, especially during rising

stages of Nine Mile Reservoir, as described by Broom (1951).

Over a period of years, studies have attempted to determine
the patterns and quantities of groundwater flow within the aquifer, and
the water balance between the surface and sub-surface flows. The prin-
cipal sources of information are flow records of the Spokane and Little
Spokane Rivers, which indicate that these streams gain and lose incre-

ments of flow which must represent an exchange of flow within the subsur-
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face aquifer. The exchange can be observed at numerous springs in the 3}
gaining reaches of the river valleys. The increments of flow are sub- ;
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ject to pronounced seasonal and year-to~year variations, as a result
of the interaction of the elevations of the water table and the river
profile (Fosdick, 1931; Broom, 1951). The mechanism is, however, com-
plex, and has defied several attempts at compilation (McDonald and
Broom, 1951).

A comprehensive approach to the estimation of average flows
was adopted by Pluhowski and Thomas (1968), who analyzed 50 years of
streamflow records. They reasoned that "below the City of Spokane,
the river flows on nearly impermeable basaltic bedrock, so that virtu-
ally the entire water yield of the Spokane River basin is measured at
the Long Lake gage." For the upstream end of the study area, they de-
veloped an estimate of the sources in Idaho contributing to flow in

the aquifer near the State line is 25 follows:

Average Flow

(c.f.s.)

Infiltration from Pend Oreille Lake
(approximate) 50

Infiltration from Coeur d'Alene Lake
and Spokane River above

Post Falls 250)
) 370
Infi{ltration from Spokane River )

(Post Falls to Otis Orchards) 120)

Infiltration from streams draining
onto the valley fioor and pre-

cipitation on the valley floor 530

Infiltration from irrigation with
surface water 50
1,000

The magnitude of this estimate is consistent with the conclusions of
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Piper and La Rocque (1944) and the flow increments to the Spokane
River observed by Fosdick (1931) and Broom (1951).

With the aid of the seismic data refe;ted to previously,
estimates of the permeability and transmissivity of the aquifer can be
made, and compared with conclusions reached in the course of well
pumping tests. The computations are to be found in Table 1, and
indicate transmissivities of 25.4 million gallons per day per foot at
State Line, and 1.9 m.g.d/ft. in the Hillyard Trough.

Determinations of transmissivity by the U. S. Geological
Survey from six well-pumping tests in Spokane Valley are reported
(Frnk, 1962) to have ranged from 1.3 to 13 m.g.d/ft. Pumping tests
were run on many of the wells in the eleven tested areas of the Bureau
of Reclamation in the eastern part of the Spokane Valley and yielded
transmissivity values ranging from 6 to 13 m.g.d/ft. (John W. Frink,
personal communication, 1973). Each of the wells tested by the Geo-
logical Survey and Bureau of Reclamation penetrated only part of the
aquifer,

The estimates of permeability and transmissivity given above
and the comments on the relative permeability of geologic units concern
mainly the horizontal direction. In water-laid materials, the permea-

bility in a vertical direction 1s generally less than that in the hori-

Zontal, and the numerical comparison varies greatly with the type of
material and horizontal layering - from one-half the horizontal permea-
bility in clean sand and gravel to as little as one-ten~-thousandth

in finely bedded fine grained materials.” Though an estimate of

the vertical permeability of the Spokane Valley aquifer might be
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within the range of one-half to one-tenth the horizontal permeability,
the figure i1s largely irrelevant because the known movement of water
vertically to the water table is by unsaturated transfer and not by
vertical saturated percolation.

Except for some areas of silty solls on some of the terraces
and a general incomplete silt and sand filling of the gravel interstices
in the top 5 feet of the subsurface, the gravel and sand above the water
table is readily susceptible to the transfer of water downward from the
surface. Air moves through the coarser gravel members during changes in
the atmospheric pressure, and some depletion of capillary moisture must
take place by evaporation; however, this evaporative loss from the sub-

surface 18 estimated to be a small part of the infiltrated water,

probably much less than 10 per cent.

Westward from Post Falls, where the river descends 120 feet to
the level of the water table at Greenacres, the river is subject to con-
tinuous infiltration losses which recharge the groundwater. The resultant
river losses are especially large when the river is rising rapidly. Un~
recorded visual tests of the unsaturated transfer process by which water
moves down from that part of the Spokane River which is losing water to the

aquifer have been made along the river's edge in the State Line vicinity.

S b T

When a shaft is put down beside the river's edge, it proceeds in moist up-

saturated sand and gravel; and, when a short adit section is then dug

SO L b, e s L e

laterally to be in e position vertically beyond the river's edge, a drop by

drop fall of water can be observed from the unsaturated sand at the crown

of the adit.
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The drop from the crown falls on the sand and gravel floor of the adit
and disappears without evidence of wetness or saturation., Though no
formal record of this hydrologic mechanism has been made in the Spokane
Valley, by lysimeter or such measurements, the process is well known in
hydrologic science. Also well known is the partial sealing effect that
can build up at the s;rface as sediment carrying water infiltrates

an unsaturated permeable granular subsurface. This phenomenon must
occur in the Post Falls - Greenacres reach of the Spokane River and
account for the river's ability to cross that permeable reach during

periods of low flow.

Some spot tests on the moisture content of the sand and gravel
material between the surface and the water table in Spokane Valley were
made and results published by Phillips et al (1962), Crosby et al
(1968), Crosby et al (1970) and Crosby et al (1971). These tests
indicated that a moisture deficiency below field capacity existed at the
time and place of sampling, including areas directly below drain fields
of septic tanks. Crosby et al concluded that water does not move
vertically down at the sites tested; and, consequently, would not do so
from precipitation or other such surface or near surface additions of
water, However, their data shows that some samples, particularly those
containing some fine-grained materials do hold water at or above fileld
capacity (Crosby et al 1971). In accordance with the rules of capil-

lary movement of water in the unsaturated zone, it is probable that
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their near-surface moisture moves down along devious subvertical paths
formed by the finer grained materials which have greater capillary
tension. This unsaturated transfer, by materials at field capacity,

would form but a small part of the vertical column below recharge points

e i ot L Aind g
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and would be difficult to identify in the vertical drill holes used by
Phillips et al (1962) and Crosby et al (1968, 1970, 1971). Some of
their data show that no ldentifiable buildup of chemical residues occurs

at the waste water disposals, a situation indicating that the dowmward

transfer of the water and solutes along capillary-preferred routes is
more likely than their conclusion that it (and the area's precipitation)
is stored in the upper strata and removed by evapotranspiration during
the growing season.

Currently the U. S. Geological Survey (USGS) is undertaking
an extensive study of this aquifer which should provide an improved quan-
titative understanding of the operation of this aquifer. The USGS study
is not scheduled for completion until after the completion of this study.
The USGS study 1s described as follows, quoted from a release by USGS:

"The objective of the study is tc accurately determine the E
hydraulic characteristics of the aquifer, including its 3
geometry (especially in the primary recharge of discharge areas). 3
A digital model of the flow system that will be developed to

provide a basis for guiding a basic model upon which a water-

quality model may be superimposed at a later date to develop an

understanding of the possible effects of various water-disposal

land-use practices. The model will be developed to simulate the

hydraulic response of this aquifer from the state line to the

terminus of the gravel aquifer near Long Lake.

Emphasis in data collection will be on: (1) Drilling and

geophysical surveys to determine agquifer geometry at the
Washington-Idaho border and in the areas north and west of the
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City of Spokane; (2) development of water level distribution
in, and pumpage from the aquifer; (3) determinaticn of inflow
from adjacent highlands; (4) determination of T and S values
from pumping tests, especially in the area of the atate line
and northwest of Spokane; (5) determination of the hydraulic
connection between surface and ground waters'.

Use of Groundwater

Withdrawals from the primary aquifer are developed in other

g oo sy o o

sections of this report, results of which are summarized below:

pmnr, £y o

Annual Withdrawal

Use Category Acre Feet
Domestic 90,000
Industrial 17,000
Agricultural and non-agricultural
irrigation 22,000
129,000

The annual withdrawal is equal to an average rate of 178 cfs
which is about one~-fifth of the 1000 cfs estimated to percolate westward
into the aquifer from Idaho, The domestic component of use includes a
significant part that is for domestic landscape irrigation. The peak
rate of summer withdrawal caused by the total of all irrigation peaks
superimposed on the year around components of domestic and industrial

use is of the order 400 cfs which is 40 percent of the estimate average

aquifer inflow.

FEPRREAET I

Of the total average groundwater withdrawal of 129,000 acre
feet per year, only that part which finds its way to the City of Spokane

sewer system is diverted to surface water. The estimated annual dis-

A L. 2 ik T 5 e A0

charge of the City of Spokane sewage treatment plant, exclusive of storm
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drainage and infiltration is 35 cfs or 25,000 acre feet per year. The
remaining 104,000 acre feet are used (1) as domestic water supply in
areas having drain field disposal of their wastes, (2) homeowner and
public agency landscape irrigation and (3) agricultural use. All of
these waters are returned to the surface of the aquifer. The extent
to which any or all of these surface applied waters reach and recharge

the aquifer is unknwon.

Interchange with Surface Waters

It has been shown above that approximately 1000 cfs of ground-
water enters the study area at the interstate boundary and percolates
westward through the main gravel aquifer of the Spokane Valley. It
has also been shown that at present an annual average rate of 178 cfs is
withdrawn from the aquifer for domestic, irrigation and industrial use
of which 35 cfs is discharged to surface water and the remainder is
returned to the surface of the aquifer for agricultural or landscape
irrigation or through drainfield disposal of wastewaters., An unknown
portion of that returned to the surface again reaches groundwater. It
has long been suspected that the fate of the groundwater crossing the
boundary, other than that withdrawn by man, is to be returnad to surface
waters by natural interchange.

In 1948 a study wes undertaken by the U. S. Geological Survey
in cooperaticn with the Bureau of Reclamation to obtain a better under-
stanaing of the interchange mechanism between the groundwater and surface
waters of the Spokane and Little Spohane Rivers. The approach taken was

to establish additional gaging stations on these 1ivers to determine by
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difference the gain or loss from and to groundwater. This study and

results are reported by Broom (1951).

Although high flows during part of the year tend to mask the
differentials which at that season are of the same order as expected
gaging accuracy, the measurements of gain or loss from the Spokane and
Little Spokane Rivers give the best available approximation of the
interchange process and the transmissive capability of the aquifer.
Except for a few springs above the level of the Little Spokane River
near Dartford and a few small springs along the banks of the Spokane
River, the groundwater discharges rather inconspicuously in the gaining
reaches of the Spokane River and Little Spokane River. Only in certain
parts of gaining reaches of the river can water be seen entering in
sandboil fashion, and this groundwater discharge is evident only during
lower stages of the river. The reaches of the river to which groundwater
discharge takes place are those where the water table stands above the
level of the river. Because the levels of both the river and the water
table fluctuate as much as several tens of feet each year, the limits of
the gaining reaches of the river change with the respective levels of
these interacting water bodies. The water table fluctuates through an
annual recharge and discharge cycle and in reponse to changes in river
level as well as in response to other cyclic and noncyclic recharge and
discharge events, including changes in response to long term multi-year
variations in precipitation. Annual cyclic changes of 10 to 20 ft. in the

level of the water table in wells have been described by Piper and
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La Rocque (1944). The lowest general levels of the water talbe were
reached in 1931 during a low point in the long range precipitation

cycle.

Broom (1951) was able to reach the following conclusions

based on measurements for the water year 1950:

cfs
Gain by River Loss by River
River Reach Aver Max Min Aver Max Min
Spokane River
1. Post Falls to Greenacres 529 78 757

2. Greenacres to Trent Bridge 370 1140 39

3. Trent Br, to Green St. 566 1650 12
4, Green St. to Hangman Cr. 216 39 428
S. Hangman Cr. to Seven Mile 126 427 184
6. Seven Mile to Nine Mile 21 1028
7. Nine Mile to Long Lake 157 1422

Little Spokane River

8. Dartford to Mouth 218 250

et

TOTALS 1458 117

Note the large variation throughout one year, not only in

magnitude, but in direction. The location having the most consistent
direction of flow and quantity is the Little Spokane.
The general conclusio: indicated by the average direction of flow

in Bloom's investigation is confirmed by the water table contours developed
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in this study. The reaches wherein the river recharges the groundwater
and others where it receives discharge from the groundwater are evi-
dent from a comparison of the levels of the river and water table.

For example, in the section from Greenacres to Green Street, where
Broom shows the largest consistent gains by the river, the water table
is seen to stand normally a few feet above the river level. However,
rapid rises in the river level result in correlative rises in the
groundwater near the river. These recharge waves in the water table
are well shown by graphs such as Plate 6 of Piper and La Rocque (1944).
The discharge from riverbank wells of the City of Spokane at Parkwater
is commonly chlorinated during strong recharging of the groundwater by
these episodes of rapidly rising river level.

Another aspect of the aquifer that 1s demonstrated by the
water table contours developed in this study is the relative permeability.
More permeable parts of the aquifer are indicated by flatter gradients;
and less permeable parts of the aquifer are indicated by steeper gradients.

In order to make a water balance on the groundwater regime
it is necessary to estimate recharges to the surface of the aquifer
within the study area. Rainfall on the 90 square miles of valley floor
itself creates a potential contribution of 26 cfs if 4 inches (about
one fourth of the annual) are assumed to percolate its highly permeable
surface. Rainfall on the 80 square miles of surrounding uplands could

contribute another 15 cfs. As pointed out above, irrigation and drainfield
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create potential for some fraction of 178-35 = 123 cfs to contribute.

If 15 percent of the latter is agsumed to reach groundwater, the total

potential

surface recharge is 26 plus 15 plus 18 = 59 cfs.

These

highly doubtful items are seen to make up only a small part of the water

balance.

Entering t

from

Recharge f

Recharge £

Discharges
1)

Pumpage

Thus a crude water balance would be as follows:

Average
Addition
to Groundwater
cfs
he study area
Idaho 1000
rom the Spokane R. 117
rom Surface 59
to the Spokane R.
* " Little Spokane R.
1176

Average
Deletions
from Groundwater
cfs

1240
218
178

1636

It is evident that either the Pluhowski and Thomas (1968)

estimate of the inflow 1s too low or that the Broom (1951) estimate of

river gains from groundwater is too high.

A check made for other water

years indicates that the years measured by Broom may be above average.

On the other hand, Pluhowski and Thomas were working from methods

inherently less reliable than Broom.,

Nevertheless, despite these incon-

sistencies, the general size of the groundwater stream and its interchange

with the r

iver appear to be confirmed by the water balance.
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HYDRAULIC PROPERTIES OF THE SPOKANE VALLEY AQUIFER

East of Idaho Hillyard

State Line Trough
Saturated section (sq. ft.) 3.82 X 106 2.10 X 106
width (ft.) 13,400 14,000
Average Thickness (ft.) 285 150
Estimated Average Flow (cfs) 1,000 200
Effective porosity (estimated) .25 .20
Velocity (ft./day) 90.5 41.1
Water Table Gradient (ft./mile) 10 26
Permeability (gals/day/sq.ft.) 89,143 12,600
(cm/sec) 4.2 0.6
Transmissivity (gals/day/ft.) 25.4 X 106 1.9 X 106
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g Moterial Description
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Am | Alluviel Siit | Streem bed depesits
tm | Lohe St Unditferentioted sdt, organx sit? ond peat deposits
Losss~ Loess of e Poiouss Formation Moy contein cioy and /or
wm-1 | Sit, Cley, fins s0nd Primarily selon, but includes seme loce! loke
Fine Send ond reworhed 10008 depesits
MRAIN
Wm-2] S Sens, | rimerity reworked Peloues Formation lessa. Often
N Grovet, Mo with 1ll, ovtwesh, lehe, or coliuvel meterioks.
N Souiders Genarally shollow (< 20°), overlies reck or avtwesh grovels
s Prodominantty send from glecie! or Jecustring origine.
N Sord Often in siratitiod, torreced depesits. Surfece erees moy

50 reworhed by wind, Occesionglly conteine grovel or uitt

\\\\\, Send, Uncenssiideled sandy seite of 1he mountoneus arses. Cefy
NN of residvel end collviel erigin, bt occesienslly is mined
\\\ Rubbie with 111 o outwesh meteriels , sveriies bedrack
Prodeminentty glosinl 110ed and oviwesh depesits In
Srovel velloys ond on the lower siepes of Tienking ridges.
o Sond Sonarelly eourse sends ond fing 10 Coorse grovel with

cobbios and bowiders

Thin (< 20") outwesh ond 11008 Sopesits over sesursd

/// Geovel, besel! surfeces west of Spohane Highly ireguier in
’597] sev, thichness. Muy contein 3i1t or clay loness. Inciuee erees
2/1 Seviders of Bosstt ovterops. (Scodlend dopesite)

Ground ormerei.nel til) dopesits. Gonaraily mined with outwesh
moteriols 0ol low to modureioly doep (3°- 30"). Noar swrfoce
20008 9Enerelly mized with oiit from lecuetring or selien sewrces.
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84 | Dot ek | sitstens of the Luteh Fermetion Espescrss of ailistons toe Material Origin Sol Clossification
1-280,

smeil 1o mep of | - 250,000 scele Pyl T . "
RImING | Gnsies, seivst, quartsite, etc. o | o (NGiecer it o | Grovet
L]t b ™| s

on Srenllic 10che, inshuling oronite, quer t2, R | Residuel ¢ | Mock rubble
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Generalized Geologic Unit

T 286N

giocial aliuviom Geavel members beiow the level of the water table

& Quatecnory glacial cutwash Send ond gravel. Includes some post -
k\ ylold 1orge amounts of water 1\ wells ond springs

Quaternory glaclal drift Till, outwesh ond cssorted locustrine
deposits Coerse=groined moterials, in places, yleid moderate
amounts of woter to wells and springs.

Tectiary bosolt of the Columbla River Group Loyered lavo fiows

with much Intericyered shate ond sondy shale of the Latoh Formation,
which Is 1hick near the northemn and eastern sdges of the

bosalt. Layering lies sssentielly hortzontal. The rubbly tops of some

of the love flows yieid modercte omounts of water to wells Interbedded

Y layers yieid littie or no water to wells

Pro=Tortiory rocks. igneous intrusive ond metamorphic rocks. Largely
mpermecbie but the weotherad fop of granitic recks, in places, offords
amott yields of water to wells ond springs The regions encompassed
oontain many small areos underiain by patches of glacial and altuvial
deposits which, in some low places, Is saturated and yields small to
maderate amounts of woter to wells ond springs.
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moderste to high, being Mast severe in areas containing
apprecisble siit.

SAND

Glacisl_outwash sand. Principsily qlaciel fluvial deposits;
ncludes some Xame deposits and vind reworked surtace dunes,
Cenerally stratified And Bav contaln occasions) fine gravel
or silt bedding.

Generally yood, but effected by degrer #nd typ~ Of stzatificatlon
P00r wheTe apprecisble silt is pu-om. (cl/-. Ga/m/q). Tiner
s8nds (Ca) subject O erosion on slope

P Map
MATEFIAL Kolod Uait DRsCREPTION DRAINAGE FOUNDATION STABILITY
ey s
=
H Lacustrine peat degosits  Filrous and granulsr organic Poor becsuse of high groundvater  Permeability veveily high in Not suitsble for building foundations Imbankment fill loade
2 \ eposite in rece Eﬁa Tow lake snd marsh aresas; grades to o1 because of high g t l1dated y ements will continue over boes not o
M 3 Lt 1 ond 8110y Aard resr OOter marding of peat bods. tibrous peats, but decreasew Tapidiy Lf pest 1s conso . -e,’,e:ﬁx;:" ‘.'".l inches and settl ntinve when 3rys
° Recent and late Pleistocene
Eolfan siits (Palouse Formation 10essis tay to brown, includes
[T {ine #and, ¢lay ond occasiona] caliche zone Fleistocene
usustly st
POOF  Permeshbility may be moderate in fones with a high Genetally adequate lorlnqht frase atructures; hedvy structures tailures and.
concentration of root Lubules Hiwhly susceptible to erosion on ususlly require special foundations: sesi-steble particie subjected ta
""°"" _Poloyse dormation eiits “"'" 1 Recent and slopes. structure Ray large settlements upon Beturation. nlogn- wills
Ocene Touse) occasionslly mired with sand, el and Frost suscegtid qroundwates
Wee2 cobdl s trom residual eonwu.x of 9heux ou xed with back or
Alluvial or 1 e deposite in ple onally containe
1ce rafted erratic boulde
A Anuvul lllt. l.oenod Alon' nrnu in tocal decr
laina; may co: and and -
- An/s ovnuo qx.\.ux f1008 of xmumn deposl gg
2 nse i
" Poor, clayey areas sre practicelly impervious  Generally vccurs Mot regarded as a sustible foundation s0il  Jettiements may Generally doud
Lacustrine ull Lake deposits in qhenlly blocked valleys in lov sress  Intiltration is slow, be excessave and irreaular. Frost susceptible. in wet sresds:
ta telbutery t Spokane and Littl l valleyes may drees. :g
contain sand and leectalted boulders Serges with prat dcpouu ~
/s nedt Nevman Lake, Liberty Lake ond ultou flats. Recent 3
late Plefatocene. S
4
o Colluvial silt Principslly slopevash from seolian and nudul Poor, but veriable Susceptible to =rosion on slopes vatisble but generally adequate for light freme -uuclunn Usustly st i
naterlals on mountain slopes) say contain colluvial sand & hoavier structures regvire epecisl foundations  Froa fatlures and
on/e rfesidual sand and grevel. Recent. susceptible. sudjected u
Alluviai eand Deposited slong stresms, principsliy slone Latah Generally poor due to high water tsble Cood when above water Cenerally poor becauie of high water table snd tocal c«nuuy
As Creek and Little Spokane River; locally grades into alluvial silts | tedle (AM), but poor An silty sress (As/m) snterlayering wath sbluvial silts tAe) poor, due
A/ (As) and gravel (Ag). Recent. ;‘
A
Lacusteine sand. Clacisl ovtwash deposited in Pleistocene lakes, Ce
Ls nerally qood. but affected by degree u-a type of stratification
uivally weTi sorted end stratified, May contain occesionsl 631t of | jsy Le poor in nest surfsce fones cont a»nenu- asounts
La/g qravel. of silt (l.l/ll. Infiltration rates o C‘ l‘leMl’llly high. Finer
s .
Losm snds (Ls) ssbject to erosion on uapfotected slopes Genetally of medivm denaity and auiteble for aost light
atructures. Loose 0hes say dictste specisl fou
treatment, particularly in dune sends(Ve). l.l-lth\' unlo-
Iolisn_sand. Dune deposits; winé revorked glacisl outwash send. Generaily good  Subject to erosion On unprotected slopes nen y sovern foundation design. Feost sysceptidlility
e tecont,

a)_sand. Derived by weathering of metamorphic ond gfanitic

qenwra; 11 1 than 3 ft  tMCR, although sey exceed 10 ft Cenerally poor duc to high silt content (Rs/r/: Similar ta above, although [Oundations will often penitrate
loelllyl conte ravel to bouider site ies'dual rock fragments proximity of parent rock, Good in siit-free areas through these 30ils #7¢ beadr on undarlying parent Foc\,
may be -lud 'nn qlacia} outvesh or un. sand u-d gravel.
lo«n.
Ce/y Colluvial sandegravei. Principally slope wash trom mountain siopes: | Righly varisdble, bwt generally poor due to silt content (Ca/a/m). Similar to Ls, Ws and Gs series, X
Ce/y/m I'm—""ﬂ’. Tos u‘l—-‘iu 161 and is generally mixed with revorked L
Ca/a 1oe y be ®ixed locally with glacial outwash or till materials,
Ca/n/r
(741
/8/m Alluvial gravel. Depusited along portions of portions of Latah Perseadility is very high, drainage poor due to high water within Suitable for most structures
A Jreek .ﬁitwlponne River in bars snd narrow terracew. Generally | river end stream channels flattening.’
rase occurs with alluvial sands (As). Recent.
5 /e b Glactal noed ond wlvnn ravel Principal deposit of lM Spolme Cood  Fermesbility very h(gh. drﬂnaqe at surface low to moderate Buitable for most stsuc’ res natural sl
H # ATy, Y av. aposited following bfecch: whete mixed with silt {Gg/m, Ge/a/m). flattent
o ::/: 3, bee aans. in :n:dm:r; Fork and Oo::: d‘Ahnc val -‘. r are unpr
to 5 ft. is mixed with oflt s mostly cosrsc,
Gg/b pcl»orly sorted gravel with sose sand, cobblu nd boulders.
Gg/a/n | Pleistocene.

Cltalb

\ cital
N

Colluvial talus Gravity trane
upalope Fock GUECIOPS) siiw ranges {rom gravel to

size blocks Larg it blocks are locally um
M wokBi, nhu is often mixed with sile and sand
1ocally overiaps ovtwash and till deposits. Recent

rted rock luvnnsl (ro-

Generally poor due to high proportion of silt y be yund at
surface where silt s missing, and infiltrated water wiil fiow
through buried more pervious zones Munoff is high on slopes

Generally poor, lut heghly variable and indiviuua) sites must
be io Gencratly ound at the bave of besalt cliffe
in sreas -ou duncuu to investigate snd develop.

\

Githa/m

Glacial till, Send to boulder site, unsorted morainal
Teposltsy olten -h»d wIth #ilt and outvash materisl.

Nighly variable dcpmdl»q on proportion ot silt, sand and gravel.
Genetally moderate to good.

Generally good

Cenerslly

WOCR AND SOIL MIXTURES

cite)

Colluvial landelide Josgnu. Gravity transported local esrth
Seterlale depos ide or flow conditions. Unsotted
ssterials may range ftom clay to boulder sizes  Recent,

<3,
1dentitied only at one remote location withis
aree and suflicient data is not availabie to @

charscterinstics,

Symbol shows predominant matccial vhere lnovn
118 and mixed debri¢ Lilln are designa

Ih:nln "lVll..

Becduse of the variable nsture and generatly

Tertiaty.

development of & uadarlsin by manasde i)
by thorough inv: qétion #nd study.
"lewrd'mnn and flow contect fnnes In basalt pay céfry water lx"lhnl. Neavily loaded n;:-'j‘n anl -mla he uplor'd
nun vocl fiows of ds datk gray, jointed hasait of Seepage often occurs llm rock -urncob Permesbility varies 2]
Iy & River Grov u:ul?y ;ua lying) may be fros high to iepervi: wnu iswediotely “below the footing
“,,. " lut thick, Tertiary. 0ncs And the emnctululu of lh— lnulbod or interformation Steep alops
con - provided at
with tise,
B o e 1y randeden Leschiet end {Aorvious whete Maasive but may carry OF Store water in Liy excellen highly 4 ot sitered rock may
e et The dnelss 10 trpice Teolly contorted and fine tractured sones, JGINLS,0r In westhated Of sltered zones e sy Feauite spaciat Tvestigation
n e Shallow o Moderatoly deep siteration Tarmeability Is dependent vpon degres Of (racturing, cpearsss E:
say occur 1ocally. PresComdeisn of 3ointe, end tyge and extent o aiteration. ..;g
n, g
Granitic rock, Mediul to cosTre groineds may be local’y sltered. %
Cataceors. ‘;\\’
or :
3
Siltstone (Lateh Pormation Predominately consa! Idated iacusirine Practically 1epervious  Springs way flow siong surface or Hard. unweathered phases exceilent  Where exiosrd nesr sublace Generail
Tepos eom'Tn- -e- ‘siluvial s nd Mno sand; ¢t 1iow through jointe ard fissures. and softensd by weathering, foundation stebility say be poor weather: -
st ray in -:olor. tively soft vhere expo: orl YR o qool :ﬂ
interbedded with lM cMubIA River basslt novo. Cooulu plent
fosnils,

b

A

wotnyr The 'mnl engineering evaluations Listed sbove are dased Syabols For Raterisl Ocigin Symbols For Material Classification
solely on Judgment end lnovhd« of the qenerally ined eoil E
and rock types. They are he only for use in 'rnllnlnnry A Allyvial b Boulders &
planaing snd development and n- in 0 vey shtended € Collevial e Cla e}
replace thorough site investigations. ¥ 1110 (manemade) 4
G alecial 9 o
L Lacustrine [ %
X Msidual i k
w  fZolian . S "%
B4 Bapalt bedrack =
Special (ralifying Syspols M. Metemorphic hadroct 5
Cr Granite bedrock =
ity Clacial eiit AT Siltstone (Lateh Pm )}
fta) Talus £
(he}  Landaitde
£ st ' e - 2 Ak ket R e Skl s, o i R
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TOUNDATION STABILITY

SLOPE STABILITY

ZXACAVATION

fermesbility weuatly high in
3y 1f peat 1s consolidated

Mot suitable for building foundations. Embsnkmeat (111 loads
may nettle eeveral inches and settlements will continue over
several years

Coen not occur On natural slopes; steep slopes relatively stable
t.

when dry, but umsta

Usually requires dredqging or dragline operstion

Generatly adequate for light frame structur: heavy structures
usually roquro peciasl foundstiona; semie bxq particle
structure se large settlements upon seturation.

rrost ulcepnbh.

back or shored.

bln when dry  Wet condition may produce shallow

nd mud flows on natursl slopes, particularly when
lub)o ted to freere-thaw cycles Shallow { 10 ft,) excavation
slopes will usually resmain stadle at ateep angles unless unfavorsble
Qroundwater conditions are present: high slopes should be cut

Can qensrally be excévated with hand OF power equipment, but
mobility of equipment is poOr uader wet conditions

y impervious Generally occurs

o
e

Not reqarded as & suitable foundation s0il  Settlements may
be nd t r

Generslly does not occur on slopes  Tace
in wet are.

May st3nd on steep slopes tesporarily in d&

Generally easy to excavate with hand or pover oqulpunl. bt
wobility of equipment is poor unier wet condition

o erosion on slopel

X

s

K,

Variable but generally sdequate for light frame structures;
hoavier structures require cial foundations  Frost
susceptible.

Usually stable when dry Wet condition say produc
lures and mud flows On natural slopes, particularly when

subjected to freezesthav,

Can genersily be excavated with hand or power uipment, but
wobility of equipment is poor under wet conditions

F-tasle  Lood when above varer

Generally poor becsuse of high vater table ond locsl

Generally does not occur on slopes  Excavation stability

Can gene”ally be sxcavated with hand of mr oqulp'm. above

s (As/m}. inteclayering with slluvial silts tAm). Poor, due 10 high water Slopes must be [lattened or shor water table. Dredging, dragline, etc required be water
53 un. site 8 dovstered. Presence of :lnl (Au/l) vlll reduce
k- equipment acbility.
: 37

fdogree and type of uuullcnlm-.
containing apprecisdbla asow
8 are qenarally high. Hur
anprotected slopes.

Generally ol med bum d ty lnd suitable for most light
Loose cial foundation

on unprotected slopes.

syres and type of stratification.
nt (Co/m. Go/a/q). Finer
1opes.

tate spec

eatment, pullnluly ln ouu sands(is). Limiting settle-

nnn veually qovern toundation design. Froat svsceptibility
erate to high, being mat aevere in Jreay containing

apyncloblu siit.

Eontent (Rs/r/
Fi8 siltefree ar

s/m/t) and
1Re/E,R8/q).

Siwilar to above, although foundations ~I(li often pentrste
through these s01ls and bear on underlying parent foen.

¢ due to 11t content (Ch/g/m).

Similar to Lo, We and Os series.

Generally 900d, dut mey be
saterials end eprings &

tlopes su
Bility, ots

exhbit temporan
-Muld be shoted.

where ying iepe
present. un-u. sites should be

Can qenerslly be excavated with hand or pover equipment,

Can generslly be excavated with hand Or pover equipment.
Soulders (Go/b) mo: require specisal handling.

poor due to DHigh water within

Suitable for soet structures.

Does nOt OCCUr on matural slopes Excavation slopes require

flateening.

Can generally be
required below water. luh purlnlblllty ond yrwl-ny o rivers
:nd :zn:- often make devatering Lmpracticable without special
reatment.

s l?q at curface low 10 moderate

Suitable for MOst struc' res

Natural slopes .u ou
flattening. Steep slope:
ace nnpu“:ublo and 3hould be shored.

1y stadle Excevation slopes require
exhibit temporacy stability, but

Lan yenersil h power targe
1Gy/b, C«/-/h) may require -p«ln handling.

Lon Of Bilt Ay be guced at
infiltzated vater wiil flow
o Munoff 48 high on slopes.

Cenerstly poor, tut highly variable and indiviues) sites myst
be investijeted. Cencrally found at the base of bssalt cliffs
in aress most Aifficuit to investigate and develop.

10 poor; individusi sites avat be investigated IExcavativas

Good
will qenerally encounter Local seepage that may require speciai
unt-m.. $teep Siopes may remsin atable depending upon local

condition,

Excavation dilficult because of presence of large dboulders end
hayatacks which nuoll{ miat be broken up by blasting  Meavy
pover equipment generally required.

tion of silt, sand and gravel.

Generally qoed.

Generally good.

Can qenerally oe with power Large
say require special handling

uenunu oaly at one remote location within the urbaniting

nd
c\nucurln ice.

wllicient dats 1s not svalladle to evaluate engineerine

Beciuse of the
develogment of are.

and generally vwncontrolled placement,
undetiain by Banmade 1115 must be preceded

L/ thirough investigation and study,

[ g0nes in Dasalt Bay Corry water.
r! ce «  Permesbility vari
he openness of fractured
E n~ mubed or interformstion

Excellont. WHeavily losded ar
t ine t ot

?n uult .mld be explored
o ¥
20nes Imsediat,

y below the footing.

corry or store water In

' id of altered zones.
of frecturing, openress
Alnn'lm.

G 13y excellent or sitered

sites may require speciatl lnvuuqulon.

Steep slopes vill generally ressin atadle.
provided 4t the

Sefcty aree should be
tor to rateh spells and Blocks that mey loosen

with time, particularly in bassit. Mighly fraciured ond veathered

rock mdy require slope flattening.

Uria”tlly fequites Dlasting  Neavy power equipment and vlmu
sometines hive success Temoving M,hly fractured dasslt
Ahie cONMdition cannot siways be determined befuiehand

B %oy (iow along surfsce or

Pard, unwesthered pheses exceliont Where exposed near surface
and softened by weathering, [oundation stebility may v poor

Cenerally qond in deed unweathered pha

weathered 20008 if spring water is present,

Unweathered Latah requires power equipsent) sofier phases can be
sxcovated by machine or by hand with picks,

mll-n

eorie
Gravel

i1t
Pock rubdle
sand

.oﬁg....n..
H
3
I

E3 4

o
Granite belrock
Stitstone (Latsh Fm.)

Sysbols ror Materisl Classilication
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A | Allviet ¢ | Cloy SA | Desett &
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